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AND ITS CHEMICAL AND BIOLOGICAL EFFECTS 
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Rutgers College, New Brunswick, New Jersey 


Received for publication July 15, 1917 
INTRODUCTION 


The purpose in beginning the work which is reported on the following pages 
was to make a study of the availability and the effect on germination and 
biological activities of an ammonium phosphate fertilizer manufactured by 
the American Cyanamid Company. In the preparation of this fertilizer 
ground phosphate rock is mixed with sufficient sulfuric acid to convert the 
phosphorus compounds into free phosphoric acid, and the latter removed 
from the mixture by filtration and washing the residue. Ammonia is produced 
in gaseous form by steaming crude calcium cyanamid in an autoclave under 
a pressure of several atmospheres. The ammonia is bubbled into the phos- 
phoric acid until it is converted chiefly into di-ammonium phosphate but at 
the same time some citrate-insoluble iron and aluminum ammonium phos- 
phates are formed. With methyl orange as an indicator, phosphoric acid is 
then added until the solution reaches the proportions of mono-ammonium 
phosphate, the insoluble phosphates being thereby rendered available. The 
solution after evaporation to dryness is known commercially as “Ammo- 
Phos.” It is a light gray material resembling acid-phosphate in appearance. 

A large amount of work has been done with ammonium sulfate, and its 
relative value as compared with other common nitrogenous fertilizers de- 
termined, but for the most part other ammonium salts have received little 
consideration. Ammonium phosphate, for example, has been omitted from 
fertilizer studies because it has been considered too expensive to be worthy 
of consideration as a fertilizer. Now that a satisfactory method has been 
developed for its manufacture, it is highly important that we know under 
just what conditions this new fertilizer will give the best results and how much 
may be safely and economically applied to various crops. Does the ammonia 
act like that in ammonium sulfate and the phosphorus like that in acid phos- 
phate, as we might expect, or does the combining of the two radicals change 
their efficiency or chemical effects to any extent? Both the acid and basic 


1A portion of a thesis submitted to the faculty of Rutgers College in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy, 1917. 
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radicals are utilized as foods for plants and for this reason, if no other, we 
should expect that the effects would be somewhat different, especially after 
long continued use. 

HISTORICAL 


Ammonium phosphate was used by several of the early investigators in 
their studies on the nutrition of plants. These various workers observed that 
ammonium salts often failed to nourish certain plants as they should, and 
sought after the reasons for their negative results and the conditions under 
which ammonium salts could be profitably used. A few investigators have 
worked on the chemical and biological effects produced by an application of 
ammonium phosphate to a soil. The effect on germination and young plants 
has been reported in a few cases. For the most part, though, ammonium 
phosphate has received little consideration as a possible fertilizer. The work 
noted by the writer is briefly abstracted below. 

Johnson (11) reports the work of Ville who grew wheat in calcined sand, to 
which was added 0.11 gm. of nitrogen in each case, either in the form of 
potassium nitrate, ammonium chloride, ammonium nitrate or ammonium 
phosphate. The results were as follows: 
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18.40 0.133 


It is seen that all the ammonium salts gave about the same results, the 
crop being about one-fourth less than with potassium nitrate. However, no 
allowance was made for the potassium in the potassium nitrate. 

Hellriegel (11) obtained a larger yield of clover with ammonium sulfate and 
ammonium phosphate than with ammonium nitrate or sodium nitrate. 

Birner and Lucanus (11), in 1864, found that in water cultures sulfate and 
phosphate of ammonia did not effectively replace nitrates. 

Hampe (11), in 1866, using ammonium phosphate and keeping the solution 
faintly acid, obtained a corn plant with a dry weight of 18 gm. and having 
36 perfect seeds. The solution did not contain any nitrates. 

Kiihn (11), in 1866, grew two small corn plants, one with ammonium phos- 
phate and the other with ammonium sulfate as the only sources of nitrogen. 
The experiments were interrupted by the high temperature in the greenhouse. 

Wagner (11), in 1868, found in agreement with the work of Hampe of the 
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previous year that a maize seedling, after growing for 2 weeks in an artificial 
soil grew normally when placed in a nutritive solution containing ammonium 
phosphate as a source of nitrogen. One plant, when dried, weighed 26.5 
gm. and carried 48 ripe seeds. 

Claudel and J. Cochetelle (3) found that basic phosphates, including am- 
monium phosphate, are favorable to germination and especially to legumin- 
ous seeds. Potassium salts, ammonium sulfate, sodium nitrate and super- 
phosphate were injurious to germination, especially to lentils, lucerne and 
flax. Wheat was quite resistant. 

Tanret (33), using nutrient solutions containing an excess of either am- 
monium nitrate, ammonium sulfate or ammonium chloride for the culture of 
Aspergillus niger found that no spores were produced during the first month of 
growth. On the other hand, ammonium phosphate favored spore production. 

Steffeck and Maercker (32), using ammonium phosphate as a nitrogenous 
manure, found that it acted in a manner similar to ammonium sulfate with 
both oats and barley, both as regards the yield and nitrogen content of the 
grain. As a phosphate fertilizer the ammonium phosphate yielded only 
88.33 per cent as much as acid phosphate soluble in water. 

Hall and Gimingham (6) shook soil for 24 hours with a solution of ammonium 
salts and determined whether there was an increase in acidity or evolution of 
ammonia. Sand gave negative results. Clay showed no change in acidity 
or withdrawal of the acid radical from solution. Complete absorption of the 
base did not occur in clay with ammonium chloride, ammonium carbonate 
or ammonium phosphate. In the case of the latter two salts some of the 
acid was removed from solution. 

Pantanelli and Severini (27), growing wheat, mustard, corn, flax and rice 
in water cultures, found that a rapid absorption of the ammonium cation in- 
creases the acidity of the nutritive medium which reaches a maximum during 
the first period of growth for those salts of ammonium derived from strong 
acids, including phosphoric acid. After the first week of growth the acidity 
decreases if the anion is absorbed rapidly, as is the case with nitric and phos- 
phoric acids. If the ammonium salt is only slightly soluble, as is the case with 
ammonium magnesium phosphate, the acid production is avoided. 

Rusche (29) concluded from his work with various crops, using 10 gm. of 
salt per 11.5 kgm. of soil, that ammonium phosphate usually has a good effect, 
working injuriously only with clover, serradella and rape. All phosphate 
salts showed some injury to the germination of seeds. With beets the greatest 
root system was produced by sulfates and the smallest by ammonium nitrate, 
ammonium phosphate, calcium nitrate, and sodium phosphate. Ammonium 
phosphates proved injurious to the root systems of alfalfa. The ammonium 
salts in general were quite injurious. The influence of ammonium phosphate 
on the parts of the plants above ground was good. Small weights were ob- 
tained with chlorides and sulfates with the exception of ammonium sulfate 
which, like the ammonium phosphate, had a good effect. 
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EXPERIMENTAL 


The experimental work includes the analysis of “Ammo-Phos,”’ biological 
studies, and various availability experiments in the field and greenhouse, 


including the effect on lime-requirement and germination. 


TABLE 1 


Composition of ““Ammo-Phos” 


The methods used 
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TABLE 2 


Composition of “Ammo-Phos” 


. WATER-SOLUBLE |} WATER-INSOLU- | CITRATE-INSOLU- 
wgnno P08” |r ertem sos lop Haunts” lor “Aue Paes” 
Moisture at 100°C... .. 2. 205.0. 7.14 0.00 1.04 0.84 
1 BE ee ae re ee a 13.58 16.43 6.36 5.51 
Water-soluble P2O;............... 35.16 48 .98 0.00 0.00 
Citrate-soluble P20;.............. 5.76 0.00 37.02 0.00 
Citrate-insoluble P.O;............ 1.10 0.00 2.84 44.19 
UIE ls.kGs abate Sees a8 42.02 48 .98 39.86 44.19 
Oh 38 5 Ree oS eae est: Not det. Not det. Trace 0.00 
OE Sy ae et eee eee eee Not det. Not det. 1.20 Trace 
RPM Phe inc ngs mance Not det. Trace 19.00 Not det. 
A CR ee ne eee era! Not det. Not det. 8.50 Not det. 
yo Se |) ¢ Sree | Not det. Not det. 27.50 23.00 
Loss on ignition (red heat)........| Not det. Not det. 18.14 Not det. 


varied for the different experiments and are discussed as the data are given 


throughout the thesis. 


A representative sample of the commercial ammonium phosphate (‘“‘Ammo- 
Phos’’), made from Tennessee rock phosphate was ground and analyzed for 


ANALYTICAL 


RL Brea ae 


ACS 


Bees 7h dat oe 


Dpanneee ee 


STUDIES WITH AMMONIUM PHOSPHATE 


the more common elements that it seemed probable would be found in the 
product. The composition in per cent is given in table 1. 

An analysis made by the American Cyanamid Company of similar material 
is given in table 2. 

These two analyses bring out the high plant-food content and in addition 
show that practically all of the phosphorus and nitrogen are present in a 
readily available iorm. In addition to containing slightly more than two- 
thirds as much nitrogen as does sodium nitrate, there is also present in any 
given quantity nearly three times as much phosphoric acid as is present in a 
like weight of acid phosphate. As far as the analyses would indicate there 
are no constituents present that are likely to prove injurious to plant growth. 
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Fic. 1. D1aGRAM SHOWING THE NITRIFICATION OF VARIOUS FERTILIZERS IN FRESH SOIL 


BIOLOGICAL 


The purpose of the biological studies was primarily to determine the relative 
availability of ammonium phosphate under different soil conditions as com- 
pared with other nitrogenous fertilizers. It is a well known fact that organic 
fertilizers are rapidly nitrified when placed in the soil under favorable con- 
ditions for the action of bacteria and fungi but the formation of nitrates is 
not as rapid as with ammonium sulfate. Will ammonium phosphate be as 
rapidly transformed as ammonium sulfate? We should expect this to be the 
case but possibly the difference in the acid radical would play an important 
réle in various soils. 
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Comparative availability of ammonium phosphate with other nitrogenous fertilizers 
as shown by nitrification 


The method adopted was the ordinary tumbler-fresh-soil method, 100- 
gm. portions of a loam soil being used. In addition to ammonium phosphate, 
ammonium sulfate, dried blood, cottonseed meal and tankage were used, each 
tumbler receiving the same amount of nitrogen as that present in 100 mgm. of 
ammonium sulfate. The soil used was slightly acid and in order to make 
conditions more favorable for the nitrifying bacteria 0.5 gm. of ground lime- 
stone was added to each tumbler. The fertilizers were thoroughly mixed 
with the soil by means of a soil shaker (16). The tumblers were then allowed 
to incubate at room temperature for varying lengths of time, as shown in 
table 3, and the nitrates extracted by leaching from the soil with 500 cc. of 
water and determined in an aliquot of the filtrate by the phenol-disulfonic 
acid method. The data are given in table 3 and shown graphically in figure 1. 

It will be noticed that ammonium phosphate compares very favorably 
with ammonium sulfate and the other nitrogenous fertilizers used. The data 
show that in this particular soil ammonium phosphate does not nitrify quite 
as rapidly as ammonium sulfate but after one month there is little difference. 
When compared with dried blood, cottonseed meal and tankage, ammenium 
phosphate shows a much higher availability. The relative positions of these 
last-named materials, when compared with the ammonium phosphate fertilizer 
or with each other, does not change, regardless of the incubation period. 

In three cases nitrification of the fertilizer added amounted to more than 
100 per cent, doubtless because of the inaccuracy of the phenol-disulfonic acid 
method in the presence of soluble organic matter, various soluble salts and 
large amounts of nitrate nitrogen. It is barely possible that the fertilize1 
stimulated the nitrification of the organic matter of the soil, but this is 
improbable. 


Comparative rate of nitrification of nitrogenous fertilizers in different soils 


This experiment was carried out in tumblers with fresh soil according to the 
method previously given, equivalent amounts of nitrogen (20.7 mgm. per 
tumbler) being applied in each case. The two soils used were a Penn loam 
taken from a very fertile garden and a Sassafras loam of medium fertility 
taken from a meadow. Both soils were slightly acid but 0.5 per cent of cal- 
cium carbonate was added to all tumblers to neutralize the acidity. The 
results obtained are given in table 4 and shown diagrammatically in figures 
2 and 3. 

It will be noticed that in the garden soil, as in the case of experiments pre- 
viously reported, ammonium phosphate and ammonium sulfate are both 
rapidly nitrified and at about the same rate. The differences at the various 
incubation periods are so slight that they may almost be considered within 
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TABLE 4 


Rate of nitrification of fertilizers in soils 


GARDEN LOAM MEADOW LOAM 
2 iS ta | E | : 
TREATMENT 3 ° ‘a 3 ° ‘S 
© % Rad I o 2 Be e 
ee| § | 88] *e | #2] & | 28 | oz 
2 bo B ic) Be = bo > o'G Be 
Za < I a a < J a 
2 weeks 
mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | 
0.72 0.52 | 
a ee eee { 0.69! 0.71 0.44| 0.48 | 
9.03 5.56 | 
Ammonium phosphate,..........++++{ 8.89] 8.961 8.25] 39.85] 6.67| 6.11] 5.63/27.19 
f| 6.94 4.17 
Ammonium sulfate and acid phosphate. { | g35| 7 63] 6.92| 33.43| 4.17} 4.17| 3.69/17.77 
4.30 4.03 
Dried blood and acid phosphate....... { 4.72| 4.51| 3.80! 18.36] 3.61| 3.82) 3.34/16.13 
"a ee : 4.72 2.91 
Cottonseed meal and acid phosphate. . { 4.86] 4.79] 4.08! 19.71| 2.99] 2.95] 2.47111.93 
4 weeks 
ees 1.02 0.66 
CE ACS | ee ees ae { 0.97| 1.00 0.63] 0.65 
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Ammonium phosphate............+..4 18.07|16.68)15.68| 75.75|11.12/11.53/10.88|52.56 
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| 
= “ 10.84 11.40! | 
Dried blood and acid phosphate... . . { 9.73|10.28| 9.28] 44.83] 9.73,10.56) 9.91 47.87 
| 
= > , lost 6.12 
Cottonseed meal and acid phosphate. . { 9.73| 9.73] 8.731 42.17] 6.671 6. 39) 5 74)27.72 
6 weeks 
; 1.63 0.82 | 
Peed MPD secre os swin wee waes%s { 1.65| 1.64 0.75| 0.79 | 
, 22.80 12.23 | 
Ammonium phosphate............... { 23.07|22.93)21..29|102.85|13.90 13.06 i ia 
’ 23.07 14.73 | 
Ammonium sulfate and acid phosphate. { 21 .96)22.51)20.87|100, 8213.90 14.31113.52 65.31 
” 16.40 11.12 | 
Dried blood and acid phosphate... .. .. { 13.90/15.15/13.51] 65.26! lost |11.12/10.33/49.90 
, 12.79 7.23| é 
Cottonseed meal and acid phosphate... { 12.79]12.79]11.15] 53.86] 8.06] 7.64] 6.85|33.09 
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" TABLE 4—(Concluded) 


GARDEN LOAM MEADOW LOAM 
TREATMENT = ° ‘a = ° ‘s 
; | # laa! ble. | 8 | gel 
‘ #és| § | &2| °s | es! § | £2] os 
sm} oo | se | Sm] & oo | ya 
A < 5 ¥ Z < A} 4 
8 weeks 
mgm. | mgm. | mgm. mgm. | mgm. | mgm. | 
. ' 1.32 0.86 
PICIG WHOSPHALC si. 6:c 5 3 cag 's-6:s 5 a0 ote { 1.42] 1.37 0.881 0.87 | 
ee ee 19.11 13.77 
ee pe PRET A eS RN 19. 33/19.44|18.07| 83.32/13.77/13.77/12.90/62.31 
19.11 14.44 | 
Ammonium sulfate and acid phosphate. { 18.89/19 .00|17.63| 81.24|15.11/14.77/13.9067.15 
; 11.33 12.22 
Dried blood and acid phosphate... . . { 12.00/11.66|10.29| 45.57/11.55/11.88 a 
? | 
Cottonseed meal and acid phosphate... { 5 66) 8.82) 7.48] 34.33] 6.66 6.99) 6.12/29.56 
| | 
10 weeks 
1.73 0.69 
PAGIG TINOSDHBEE 5.12.5 e's cree ore stcie eis crs { 1.73| 1.73 0.78] 0.73 
16.44 15.11 
Ammonium phosphate..............- { 17.77|17.10|15.37| 74.25/15 .33)15.22/14.49|70.00 


; 15.31 14.22 

Ammonium sulfate and acid phosphate. { 14.88/15.19|13.46| 65.02/15 .33/14.77/14.04167.82 
; 10.22 10.22 

Dried blood and acid phosphate. .... . . { 10.44|10.33| 8.60| 41.55]11.11/10.66| 9.93/47.97 


Cottonseed meal and acid phosphate. .. { 8.99] 8.99] 7.26] 35.07| 7.11) 7.44] 6.71/32.89 


experimental error. Dried blood and cottonseed meal run very nearly to- 
gether and are. much more slowly nitrified than the two ammonium fertilizers. 
Maximum nitrification was obtained in all cases after 6 weeks’ incubation. 
After this, small amounts of nitrate nitrogen were found because the nitrates 
had been utilized by bacteria and fungi in the soil for their own growth and 
consequently were changed over to protein. This protein in turn is nitrified 
after the microérganisms die. 

The results obtained with the meadow soil are in general the same, except 
that nitrification does not proceed at as rapid a rate as in the garden soil, and 
the total accumulation of nitrates at any one time is never as large. Ammon- 
ium phosphate and ammonium sulfate run close together for the most part, 
but not quite as consistently so as in the richer soil. Cottonseed meal for 
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some unknown reason ranks low, while dried blocd shows a comparatively 
high availability as measured by nitrification. Maximum nitrification is 
obtained in the case of cottonseed meal at the end of 6 weeks, dried blood at 
the end of 8 weeks and the two ammonium fertilizers at the end of 10 weeks. 

The work reported in tables 3 and 4, in so far as it is comparable, agrees in 
a general way with that of Miintz (26) who in comparative tests of the rate 
of nitrification of various nitrogenous fertilizers found that at the end of 5 
months the relative standings were ammonium sulfate 100, calcium cyanamid 
88, dried blood 66 and leather 26. 
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Fic. 2. DIAGRAM SHOWING THE RATE OF NITRIFICATION IN A GARDEN LOAM SOIL 


Lipman, Brown and Owen (19) in nitrification experiments, after an incu- 
bation period of 4 weeks, obtained the following percentages of recovery of 
nitrogen as nitrate from various sources of nitrogen: 


per cent 
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The same investigators (20) in another nitrification experiment, after an 
incubation of 7 weeks, obtained the nitrogen recovery noted below: 


per cent 

SPP HAMNER AIREMEERE RE ors os oct ngs score alata ays a oa cra einer aie mare. ec ossisiere aie ele 73.30 

Baa CA ede ee Sigg ea wage ran cee atte sea fos a iaw  aleverate nines (erate vats wate ene ats 49.07 

Nese TISAI STL as cs is icin So ae raw oe ae alawio Giga aicisinaie warereua gcse 42.87 

RaeN MC HEE ETRE rs cece tna oly a aapais Grain oo) cake aie are siefacd Hare Cicseins ol site a ais ieee 42.41 

MOEA ao alesse, iat si si A cre esses aal's fore oar ois) es)e/alnles als ere so'n/s/ ainda seiesn ever seselaigiele are 33.12 

RMR TNURNENE etl yg one Baere re aca eoa aa chara deh alahes ev aaa let etalie BR abs Ten atone oe aie 23.45 

OT ET RCE ee tare ie ara ene MOCE MIR arene 13.84 

Mem. 
Nitrate 
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10 
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——eeee AMMONium phosphate 
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Fic. 3. DIAGRAM SHOWING THE RATE OF NITRIFICATION IN A MEADOW Loam SoIL 


In these experiments the incubation period was for such a long time that 
no doubt the maximum nitrate production in the case of ammonium sulfate, 
at least, had been reached prior to the end of the experiment. 

The work reported in tables 3 and 4, as well as that of Lipman and that of 
Miintz, just discussed, brings out very strikingly that as far as the organic 
forms of nitrogen are concerned the nitrogen-carbon ratio certainly plays an 
important réle. The wider the ratio the more difficult it is for the micro- 
organisms to break down the compounds, and furthermore, the fungi are 
stimulated to a greater extent. These latter organisms as well as a large 
portion of the bacteria utilize the nitrates produced for their own growth, and 
consequently only a comparatively small proportion of the nitrate actually 
formed from substances of very wide nitrogen-carbon ratio may accumulate. 
In fact, the added material may actually decrease the amount of nitrates 
in the soil. On the other hand, ammonium sulfate and ammonium phosphate, 
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when added to the soil, do not have such a marked effect upon the numbers 
of organisms, and furthermore, the processes of transformation are less com- 
plex. Organic fertilizers must be broken up into peptones, albumoses, amino 
acids and ammonia, and these in turn nitrified. The process is much longer 
and requires more energy than the mere converting of ammonia into nitrate. 

A discussion of nitrification as a method for the determination of avail- 
ability would not be complete without referring to the work of Lipman (17) 
which is in direct contrast with most of the nitrification experiments which 
have been reported. Using arid soils he found that low-grade nitrogenous 
materials and ammonium sulfate nitrify much more rapidly than in humid 
soils, while on the other hand dried blood and other high-grade nitrogenous 
fertilizers nitrify slowly in these soils. The relative availabilities of the ferti- 
lizers were tested out in vegetation experiments and these results confirmed 
the nitrification data. Considering sodium nitrate as 100, the yields of barley 
in sand were 82 for calcium nitrate, 139 for ammonium sulfate, 101 for dried 
blood, 134 for cottonseed meal and 119 for steamed bone meal. Lipman 
states that “the nitrification method in the direct soil culture, for determining 
the relative availabilities of nitrogenous fertilizers of the organic or ammonia 
type, was feasible and more logical and specific in nature than other methods 
employed heretofore.” Under humid conditions other investigators also 
seem to have obtained reasonably close agreement between nitrification and 
vegetation tests. 


Effect of different forms of lime on the rate of nitrification in soils 


The soils selected for this experiment were: first, a very acid sandy loam, 
so acid in fact that crops did not grow on it except under the most favorable 
climatic conditions; second, a heavy silt soil only moderately acid and growing 
good crops each year; and third, a shale loam, fairly fertile and neutral to 
litmus paper. 

The methods used were practically the same as in the nitrification experi- 
ments already discussed, 100 gm. of fresh soil per tumbler being used, and the 
materials thoroughly mixed with the entire sample. Where ammonium sul- 
fate was applied 100 mgm. were added to each tumbler and where ammonium 
phosphate was used enough was added to supply the same amount of nitrogen 
as is present in the ammonium sulfate. To all tumblers except the checks 
and those receiving ammonium phosphate, 586 gm. of acid phosphate were 
added, thus making the amount of phosphorus the same as in the ammonium 
phosphate tumblers. Calcium carbonate, where used, was applied at the 
rate of 1 gm. per tumbler and calcium oxide at the rate of 560 mgm. The 
incubation period was 26 days. The results are given in table 5 and shown 
diagrammatically in figure 4. 

An examination of this table brings out several points of interest. First, 
we notice, as has often been shown, that the addition of acid phosphate in- 
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creases the rate of nitrification of the soil organic matter. The use of calcium 
oxide, except in the most acid soil, produced a greater stimulation in nitrate 
production from the soil organic matter than did calcium carbonate. Where 
ammonium sulfate was applied to the very acid sandy loam soil in the presence 
of acid phosphate equivalent to that present in ammonium phosphate, the 
nitrate production was approximately two-thirds of that where ammonium 


TABLE 35 
Effect of different forms of lime on the rate of nitrification of ammonium phos piate and ammonium 
sulfate 
SANDY voaxt | SILT E SHALE LOAM 
é e} jet 
TREATMENT 2 | = z | 
ao 5 a6 s {fe| 8 
2 to > 2 Ss } | > 
a < Zz < | A < 
mgm. | mgm. mgm. | mgm. | mgm. | mem. 
0.79) 0.79] | 0.79) 
REROCR ssc s rie or ino tee a en ere ee { 0.79| 0.79 1.05) 0.92| 0 92| 0 85 
| | 
1.10 1.18) | 0.95) 
NCHUPUOSP HACC 555 ehis @<iols ia esis sete os esien aren { 1.05! 1.07] 1.05| 1.11 0.95, 0.95 
3.33 3.53} | 4.47 
Calcium oxide and acid phosphate................ { 3-19] 3.26 3.24 3.38 5 00| 4.73 
i ee 3.53 1.32} | 1.66) 
Calcium carbonate and acid phosphate............ { 3.82| 3.67| 1.39} 1.35] 1.93 1.79 
; : 1.11 7.80, {10.00 
Ammonium sulfate and acid phosphate............ { 1.11] 1.11] 7.94] 7.91) 9.65] 9.82 
1.94 7.91] |11.67| 
AmmonHim phosphate: ... <.o.:.660.00 555s esse eens { 1.77| 1.85] 7.68] 7.79|10.83/11.25 
, — 
! : : = F 3.28 1.85 113.39} 
Ammonium sulfate, calcium oxide and acid phosphate { 3.19] 3.23| 1.39 1.62)12.99)13.19 
| | 
, : e 2-30 2.05 |10. 26} 
Ammonium phosphate and calcium oxide.......... { 2.36] 2.36] 2.89] 2.47|11 17}10.71 
Ammonium sulfate, calcium carbonate and acid f{ |13.23 10.88 |16.65| 
PHOS PUREE 585.210 5yeie!a, cts anya caieibia. sl ssieest sean 13.53}13.37|10.58/10.73)14.43)15.54 
! : . 13.81 11.84 a7. 
Ammonium phosphate and calcium carbonate....... { 13.41/13.61/11 5611 .71}16.81|16.96 


phosphate was used alone, but in both cases the amount of nitrate was only 
slightly above that in the checks. In the silt loam the difference between 
the two fertilizers in the absence of lime was within experimental error, but 
the increases over the checks were very great, showing that the soil was not 
badly in need of lime. In the shale loam there was a slightly greater accumu- 
lation of nitrate from ammonium phosphate than from ammonium sulfate, 
the difference being approximately 14 per cent in favor of the former fertilizer. 
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As was previously stated, this soil was neutral to litmus paper and consequently 
contained a vigorous nitrifying flora which transformed the ammonia rapidly, 


even without the addition of lime. 
In the presence of calcium oxide and acid phosphate, ammonium sulfate 
showed approximately one-third greater nitrate accumulation in the very 
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Fic. 4, DIAGRAM SHOWING THE EFFECT OF DIFFERENT Forms OF LIME ON THE RATE OF 
NITRIFICATION OF AMMONIUM PHOSPHATE AND AMMONIUM SULFATE 
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acid sandy loam than did ammonium phosphate. In the shale loam there 
was also a difference of about 23 per cent in favor of ammonium sulfate where 
calcium oxide was used. However, the reverse is true in the silt loam, ammon- 
ium phosphate showing a 50 per cent increase over ammonium sulfate. It is 
interesting to note that the calcium oxide caused only comparatively slight 
increases in nitrate production in two soils and an actual depression in the 
third. Evidently calcium oxide is sufficiently caustic to kill some of the soil 
organisms, or at least to inhibit their proper multiplication in many cases. 

Without exception the soils receiving calcium carbonate showed a greater 
accumulation of nitrates from both the ammonium fertilizers than any of the 
other treatments. It happened that in all three soils ammonium phosphate 
in the presence of calcium carbonate showed a slightly higher availability 
by nitrification than did ammonium sulfate, but the differences are nearly 
if not completely within experimental error. 

In general, then, from the results reported in table 5 we may say that am- 
monium phosphate is directly comparable with ammonium sulfate in nitri- 
fiability where acid phosphate is added to the ammonium sulfate in amounts 
equivalent to the phosphorous in ammonium phosphate. The three soils 
used were of quite widely different types, yet the fertilizers under a given set 
of conditions gave similar results. 


Effect of ammonium phosphate upon ammonification 


In order to determine if the addition of a fertilizer, like ammonium phos- 
phate, which contains all of its nitrogen in the form of ammonia, would hinder 
the ammonification of organic matter added to the soil, the experiment 
recorded in table 6 was carried out. The soil chosen was a neutral sandy 
loam from the college farm, 100-gm. samples being weighed out into tumblers 
and the dried blood, green alfalfa and cottonseed meal thoroughly mixed 
with the sample according to the method followed in the nitrification experi- 
ments. Dried blood was applied at the rate of 2 gm. per tumbler, which 
expressed as nitrogen amounts to 252 mgm. The cottonseed meal and green 
alfalfa were analyzed and sufficient added to equal the nitrogen in the dried 
blood. After incubation at room temperature for 8 days the ammonia which 
had accumulated was determined by distillation with magnesium oxide. 
These results are given in table 6 and figure 5. 

A study of the ammonification results shows that, in general, as the quantity 
of ammonium phosphate increases the amount of ammonia produced from 
dried blood decreases. The reverse is true of cottonseed meal, while the rate 
of ammonification of alfalfa remains practically constant. The large amount 
of ammonia produced from green alfalfa is especially significant, showing 
how rapidly the material will decay under favorable conditions. The de- 
pression of ammonification of dried blood where ammonium phosphate is 
used as contrasted with the increase with cottonseed meal is to be expected, 
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TABLE 6 
Effect of ammonium phosphate upon ammonification 
NH IN- PER 
TREATMENT NITRO- pe ae. ee 
GEN cHECK | IFIED 
mgm. | mgm. | mgm. 
1.69 
Check STUP PRET TTESTLEE TC CLE ROLE OR CRA eS eS { 1.47 1.58 
: 85.80 
OS OR a ere er ae ene ee Meee Ree { 86.24] 86.02) 85.44) 33.90 
‘ ' 66.79 
LSS Pe ae nee ne en aT are { 67.75| 67.27| 65.69] 26.07 
{| 64.97 
DN aS ttc ee Pe ea cine A ing be bre Me gtk ra Ugh a \ | 58.86] 61.91] 60.33] 23.94 
| 1.47 
20 mgm. ammonium phosphate...................000000 | 1.84] 1.65 
: (| 83.88 
20 mgm. ammonium phosphate and dried blood........... 4 82.83] 83.35| 81.70) 32.42 
‘ 71.89 
20 mgm. ammonium phosphate and cottonseed meal....... {| 73.97] 72.93! 71.28] 28.28 
20 mgm. ammonium phosphate and alfalfa................ { ie 62.29] 60.64) 24.06 
40 mgm. ammonium phosphate....................20005- { et 2.93 
| .0: 93 
am : Bias : Cries! 
ngm. ammonium phosphate and dried blood........... {| 79.90] 78.80! 75.87] 30.11 
40 mgm. ammonium phosphate and cottonseed meal {| 71.69 
gm. seed meal...... | | 73.10} 72.39) 69.46) 27.56 
sia 2 . f 65.85 
gm. ammonium phosphate and alfalfa................ 4 58.04| 61.94] 59.01] 23.41 
en {| 7.64 
80 mgm. ammonium phosphate...............0..-.00000- \| 6.42] 7.01 
‘ ‘ 89.15 
80 mgm. ammonium phosphate and dried blood.......... 87.46] 88.30] 81.29] 32.26 
3 80.79 
80 mgm. ammonium phosphate and cottonseed meal...... 85.27] 83.03! 76.02] 30.16 
: : 69.13 
80 mgm. ammonium phosphate and alfalfa................ 66 .37| 67.75| 60.74| 24.10 
120 mgm. ammonium phosphate.....................005- { Hey 11.69 
120 mgm. ammonium phosphate and dried blood.......... { ee 91.19] 79.50] 31.15 
ae aan {| 84.57] 
gm. ammonium phosphate and cottonseed meal...... || 86.22] 85.39] 73.70] 29.24 
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NHs | aver- canaa cane 
Thee are | AGE | OVER | AMMON- 
CHECK IFIED 
mgm. mem mgm. 
: 69.48 
120 mgm. ammonium phosphate and alfalfa............... { 73.31] 71.39] 59.70| 23.69 
160 mgm. ammonium phosphate. .......°.....62.0.cc00e08- { ip 16.70 
: : 87.56 
160 mgm. ammonium phosphate and dried blood.......... { 95 62] 91.59] 74.89] 29.71 
: 95.37 
160 mgm. ammonium phosphate and cottonseed meal...... { 100.30! 97.831 81.13] 32.19 
7 76.69 
160 mgm. ammonium phosphate and alfalfa............... 78 061 77.37| 60.67| 24.06 
200 mgm. ammonium phosphate.....................00.. { gb 11.12 
. ; 99.19 
200 mgm. ammonium phosphate and dried blood.......... { 93.07! 96.13] 75.011 29.76 
: 97.16 
200 mgm. ammonium phosphate and cottonseed meal...... 93.80] 95.52] 74.40] 29.52 
‘ 82.05 
200 mgm. ammonium phosphate and alfalfa............... { 78.80! 80.42] 59.301 23.53 
300 mgm. ammonium phosphate....................0005. { = < 32.35 
: . J |105.35 
300 mgm. ammonium phosphate and dried blood.......... | 1103 661104.50| 72.15] 28.63 
300 mgm. ammonium phosphate and cottonseed meal...... { ope 128.58] 96.23| 38.18 
300 mgm. ammonium phosphate and alfalfa............... { ee 97.13! 64.781 25.71 
; 105.25 
1000 mgm. ammonium phosphate...................0000- { 105 .05/105.15 
1000 mgm. ammonium phosphate and dried blood......... { 163.38 > Oc “ 
| }173. 13}168.25} 63.10) 25.04 
: { |204.27 
1000 mgm. ammonium phosphate and cottonseed meal..... | 192 04/198.15| 93.001 36.91 
; 169.95 
1000 mgm. ammonium phosphate and alfalfa.............. { 150 .42/164.67| 59.52] 23.62 


since ammonium salts, and especially ammonium phosphate, stimulate the 
growth of fungi, which in turn can decompose cottonseed meal more rapidly 
than dried blood because of its wider nitrogen-carbon ratio. 

Other investigators have reported similar results, among them being Lipman 
and Brown (18), who observed that sodium nitrate favors the growth of decay 
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bacteria. They attributed this to the fact that many saprophytic bacteria 
use nitrate and its presence, by increasing-their numbers and vigor, results in 
an increased destruction of the humus. On the other hand, ammonium salts 
had a depressing effect upon the growth of bacteria but favored the fungi. 
The work here reported with ammonium phosphate, in general, gave similar 
results and agrees with the conclusions of these investigators concerning 
ammonium sulfate. 
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Fic. 5. DIAGRAM SHOWING THE EFFECT OF AMMONIUM PHOSPHATE UPON AMMONIFICATION 


Utilization of ammonium phosphate and other nitrogenous salts by soil fungi 


As a supplement to the ammonification and nitrification work, some experi- 
ments were started to determine just how readily ammonium phosphate is 
utilized by soil fungi. A large number of organisms were isolated directly 
from the field and a few of the most vigorous growers selected for this work. 
In the first series pure tri-basic ammonium phosphate was used for comparison 
with ammonium sulfate. Almost without exception the growth obtained 
with the six organisms used was greater in the flasks containing the ammonium 
phosphate. A later series comparing ammonium phosphate with ammonium 
sulfate, ammonium nitrate, urea, ammonium carbonate, sodium nitrate, and a 
mixture of ammonium sulfate and sodium nitrite, five pure cultures of soil 
fungi, being used, again showed ammonium phosphate to be more favorable 
to the organisms than ammonium sulfate. However, the ammonium car- 
bonate medium was nearly as good as the ammonium phosphate. At the end 
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of the thirteenth day the ranking, as far as growth was concerned, was as 
follows: 


BUSS s esco./ofei sai id sits ate io seve she lst) ew 9 8 \aysle oom vidtiae ws, diet drole shoo AERO TODD) HDOSD RR LS 
COON orig is arse oes aids wig Se 6 Ge psa 6 oie alwnreracnin ous @ neal ao AIO MEN CAT OONSLE 
MUANR Ryo %e5)- oa ac oiaeccpeeiears okie cols fe rece are toe) Se antes as oe oot Onan Rate 
| NCU Oana On Dt ae ere ee een er Urea 
AMPERES sas Pc Nee =a ce cre apelin cee avtiave nents Saletan nie etal a Od \mmonium nitrate 
PR aie See le ashe oe a aha ib SPA yy ae ares ee ah ee lies Ranke avast dar Sodium nitrate 
Seventh.........Ammonium sulfate and sodium nitrite (no growth in most cases) 


One of the organisms used gave very poor growth in all cases except where 
the nitrogen supplied was in the form of ammonium phosphate. 

The fact that soil bacteria and fungi can utilize ammonium phosphate as 
well as and often better than any other ammonium salt may or may not be a 
point in favor of the phosphate. Since the phosphate favors the growth of 
the organisms of the soil it necessarily means that more of the nitrogen will 
be converted into insoluble protein when it becomes a part of the organism 
itself; thus the ammonia or nitrate produced from it is taken away from the 
use of the plant. The nitrogen fixed in this manner will again be made 
available later when the organisms die and undergo decomposition. The rate 
at which these processes may occur in the soil is not well enough known to 
justify a definite statement as to the probability of the growth of the micro- 
organisms interfering with proper plant nourishment and development. Under 
normal conditions it is reasonable to suppose that the increased growth of 
bacteria and fungi following the application of ammonium phosphate would 
also act favorably on plant growth. Increased bacterial action causes more 
insoluble plant-food in the soil to become available and also hastens the decay 
of organic matter. The storing up of the nitrogen in the bodies of the soil 
organisms would merely fix it for the present and prevent a big stimulation 
of plant growth at the very first, followed by a decrease later, as often occurs 
when sodium nitrate is applied. There is still another factor to be considered. 
Under field conditions fertilizers are most commonly applied at about the time 
of planting. It is a month or longer, depending upon the crop being grown, 
before the plants will require very much nitrogen. The stimulation of bacteria 
and fungi, then, will result in the fixation of the nitrogen applied more quickly. 
In general, any change in the condition of the soil that has a beneficial effect 
on the bacteria in the soil will act favorably on the plants also. 


Pot experiments 


The purpose of these experiments was to determine the relative availability 
of the nitrogen and of the phosphorous in the ammonium phosphate fertilizer 
under varying soil conditions and with different soils. The effect of the 
common fertilizers on soil reaction also was among the points considered, 
especially in relation to the availability of each of the fertilizers. The ques- 


esi 


20 F. E. ALLISON 


ticns, does ammonium phosphate show a residual effect and how is the soil 
affected by long continued use, also are at- least partially answered. 


Comparative availability of various nitrogenous fertilizers and their effect upon 
soil reaction under greenhouse conditions 


For this experiment two soils were selected, a Norfolk sand and a Sassafras 
loam. The first of these was light in texture, low in fertility and had a lime- 
requirement of 714 pounds of calcium carbonate per 3,000,000 pounds of soil. 
The second was low in crop production, also, probably because of acidity rather 
than lack of nitrogen, phosphorous or potassium. Its lime-requirement was 
found to be 5000 pounds of calcium carbonate per acre. The soils were air- 
dried, sieved and weighed out into pots holding 20 pounds of soil. The fer- 
tilizers applied in addition to ammonium phosphate were ammonium sulfate, 
dried blood, and cottonseed meal. Two rates of application were made, 
namely, 1.5 gm. and 3 gm. of ammonium phosphate per pot and equivalent 
amounts of nitrogen in the case of the other three fertilizers. Half of the pots 
received lime and the other half were left unlimed. In all cases where lime 
was applied enough was used to neutralize the acidity and 2 tons of calcium 
carbonate in excess. Two grams of potassium chloride were added to all 
pots and enough 16 per cent acid phosphate was applied to those pots not 
receiving ammonium phosphate to equal the phosphorous in this fertilizer. 
This was more phosphorous than the plants actually required but it was 
necessary to use this amount in order to eliminate the element as a variable 
factor. As is brought out later in the germination experiments, very largé 
quantities of acid phosphate are required to injure plants and therefore the 
excess would not be expected to cause an injury. The fertilizers were mixed 
with the entire 20 pounds of soil, and barley planted on December 31, 1915. 
Soon after the plants were up mildew attacked them so badly that the crop 
was harvested on February 10 when the plants were about 10 inches in height. 
The plants were dried and analyzed and the results reported in table 7. 

No importance should be attached to these results since in many cases the 
fungus greatly decreased the yields. Immediately after harvesting the barley 
the pots were planted to buckwheat. This crop was chosen because of its 
quick growth and adaptability to greenhouse conditions and, above all, be- 
cause it is not attacked by the downy mildew. The yields and analyses are 
given in table 8. 

After removing the crop the pots were again planted to buckwheat without 
the use of additional fertilizer. The results are given in table 9. As will be 
noticed from the yields of the last crop the available plant-food had been 
practically exhausted by the barley and the two residual crops of buckwheat. 
The total yields of dry matter and the recoveries of nitrogen from these three 
crops are summarized in table 10. 

A glance at the summary table gives a fair indication of the availability 
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Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions 
First crop (barley) 


— INCREASE 7 TER- TOTAL ee INCREASE 
9 TREATMENT YIELD — ~g Pisa _ vot ¢ — a = = om a coe 
Norfolk sand (167 mgm. of nitrogen added) 
Unlimed 
| grams grams | gram per cent | percent | mgm. mgm mem. 
Ft ee f| 1.878 2.77 52.0 
2 ial laa cia | 1.707] 1.793 3.17 | 2.97 | 54.1] 53.05 
3 | Ammonium phos- f| 2.406 4.22 101.5 
4 | phate............. || 2.278] 2.342} 0.549] 3.90 | 4.06} 88.9] 95.20) 42.15 
5 _ f} 2.342 4.01 | 94.0 
6 | Ammonium sulfate... | | 2°356| 2.349| 0.556 4.01 | 4.01 | 94.4/ 94.20] 41.15 
ci... s| 2.192! 3.55 | 77.7] 
g | Dried blood........- || 9°418) 2.305} 0.512] 3.52 | 3.54} 85.2) 81.45] 28.40 
| | 
ie 2.269 3.53 | 30.0 
gp | Cone mee... { 2.255| 2.262] 0.469 3.60 | 3.57 | 81.1] 80.55| 27.50 
Limed _ a poling 
Ei (| 2.023 | 3.24 | 65.6) | 
ie | Cease: 1| 1.713! 1.868 3.53 | 3.39 | 00.4 63.00) 
13 | Ammonium phos- f | 2.013 3.78 76.0 
14| phate............ || 2.127] 2.070] 0.202] 3.78 | 3.78 | 80.3] 78.15} 15.15 
"ay 1.768 3.89 68.7 
16 | Ammonium sulfate... { 2.007] 1.888} 0.020} 3.67 | 3.78 | 73.7] 71.20} 8.20 
17 ; 2.143 3.50 75.0 
1g | Dried blood.....:... { 1.810| 1.977} 0.109] 3.77 | 3.64| 68.2] 71.60 8.60 
19 2.079 3.81 79.2 
29 | Cottonseed meal... { 1.965) 2.022] 0.154) 3.64 | 3.73 ; 71.6] 75.40) 12.40 
Sassafras loam (167 mgm. of nitrogen added) 
Unlimed 
21 2.304 4.42 101.80 
gq | CBech...- +00 - 000. { 2-805| 2.555 4.18 | 4.30 |117.26|109.53 
23 | Ammonium phos- { 2387 4,33 102.98 
24 | phate............. |] 1.958] 2.168} 0.387| 4.47 | 4.40 | 87.60| 95.29|-14.24 
25 ; ‘| 2.458 4.48 108.34 
96 | Ammonium sulfate... | | 9176] 2. 317|—-0.238| 4.63 | 4.56 {100.701104.52|— 5.01 
Wie. 2.130 4.35 92.70 
38 | Dried blood......... {| 3° 636) 2.383|—0.172| 4.33 | 4.35 |114.00|103.65|— 5.88 
29 | 2.301 4.41 101.40 
30 Cottonseed meal... { 2.091] 2.196|—0.359| 4.51 | 4.46 | 94.30] 97.85|—11.68 
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| rvcrEase| k pp. | TOTAL +ep. | INCREASE 
no. ae ee oe | oe | oe | 
Limed 
| grams grams | gram per cent| perccnt| mgm. mgm. mgm. 
31 | Check { 2.283 4.52 103.15 
Bef a stn ne sete 2.721] 2.452 4.79 | 4.66 |130.45/116.80! 
33 | Ammonium phos- { 2.096 5.10 106.80 | 
See 2.471] 2.283|—0.169| 4.47 | 4.79 |110.55|108.67|— 8.13 
35 ; f| 1.954 5.28 103.20 | 
36 | Ammonium sulfate.. } | 9°64) 2.109|—0.343| 4.61 | 4.95 105.75)104.47)—12..33 
| 
37 : f| 2.206 4.96 109. 48| | 
38 | Dried blood......... {| 9368] 2.287|—-0.165] 4.61 | 4.79 |108.90|109.19|— 7.61 
| 
3 ee {| 2.071 4.51 93.45 | 
40 | -Orronsecd mea™---~\ | 2.341] 2.206|—-0.246] 4.25 | 4.38 | 99.55| 96.47/20. 33 
Norfolk sand (334 mgm. of nitrogen added) 
Unlimed 
6 hes j| 1.927 3.12 60.20 | 
42 eee ees 55 Sn ae 3.08 | 3.10 | 62.40] 61.30) 
43 | Ammonium phos- 2.941 3.98 117.05 | 
44 | phate............. || 2.363] 2.656) 0.678] 4.03 | 4.01 95.251106.15 44.85 
| 
45 | Ammonium sulfate 2.358 4.6 96.60} | 
46 | “+1 | 2.919] 2.637} 0.659] 4.28 | 4.19 |125.00|110.80) 49.50 
| 
47 , 2.709 3.87 104.80 | 
ag | Dried blood......... { 2.265| 2.487| 0.509| 3.87 | 3.87 | 87.70] 96.25, 34.95 
| 
49 2.656 3.98 105.80 | 
50 Cottonseed meal... { 2.697| 2.677| 0.699| 3.94 | 3.96 |106.15]105.97} 44.67 
Limed 
51 " 1.883 4.28 80.70 
52 | Checked............ { 2.102| 1.993 3.27 | 3.78 | 68.80] 74.75 
53 | Ammonium phos- 2.321 3:82 88.10 
54 SE Ss vieesate 2.565} 2.443} 0.451] 3.57 | 3.70 | 87.20] 87.65} 12.90 
eT diacetate 2.079 4.03 83.80 
S ieemeae €&-- 1! 2.532) 2.306} 0.313] 3.93 | 3.98 | 99.45] 91.62} 16.87 
57 ; 2.318 3.94 91.25 
> aioe {| 3°366| 2.292} 0.299] 3.76 | 3.85 85.30] 88.27) 13.52 
dy Ce 2.552 3.73 95.10 
60 | ~Orronseed mea-~~ V1 2.626] 2.589) 0.597] 3.75 | 3.74 | 98.25) 96.67} 21.92 
Sassafras loam (334 mgm. of nitrogen added) 
Unlimed 
een 3.333| 4.37, 145.70) 
62 sia a lapaiala aa 3.745| 3.539 4.35 | 4.36 |162.80/154.25 
63 | Ammonium phos- {| 3. 224 | 4.42 | as (M2: 65 
64 | phate............. |] 3.123] 3.177 0,362] 4:48 | 4.4 |140. 10/141. 37 — 12.88 
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STUDIES WITH AMMONIUM PHOSPHATE 


TABLE 7—(Concluded) 


INCREASE TOTAL INCREASE 
POT AVER- NITRO- | AVER- bx AVER- dae: 
a 7 B aa Cc 
NO. TREATMENT YIELD AGE OVER GEN AGE NITRO. AGE IVER 


CHECK GEN CHECK 


Sassafras loam (334 mgm. of nitrogen added) 


Unlimed 

grams | grams gram percent | percent| mgm. mgm. mgm. 
65 | 4 , lat 3.640 4.46 162.30 
66 | Ammonium suitate... ) | 3 436] 3.538|—0.001| 4.26 | 4.36 |146.36/154.33} 0.08 
67 , 3.983 4.35 173.30 
63 | Dried blood......... { 4.224| 4.104) 0.565] 4.79 | 4.57 |202.20|187.75| 33.50 
16 a, 4.216 4.30 181.24 
79 | Cottonseed meal.:... 4) | 4°579] 4.398] 0.859| 4.17 | 4.24 191.24/186.24) 31.99 
Limed ; 
ae 4.406 4,34 191.42| 
72 cisininta eich 4.173} 4.290 4.64 | 4.49 |194.25/192.83 
73. | Ammonium phos- 3.485 4.61 160.68 
74 ae aE 3.649] 3.567|—0.723| 4.56 | 4.59 |166.35|163.51;/—29.32 
75 | ger 3.732 4.55 169.76 
76 | ‘Ammonium sullate...) | 3 431| 3.583|—0.707| 4.62 | 4.59 |158.65]164.20|—28.63 
77 , 3.809 4.48 170.70 
78 | Dried blood......... { 3.748| 3.779|—0.511) 4.50 | 4.49 |168..6|169..68|-23.15 
. | | 
79 3.169 4.41 139.60) 
80 Cottonseed meal..... { 3.656] 3.413|—0.877| 4.59 | 4.50 |168 


8. 10,153.85)—38.98 


of ammonium phosphate as compared with other nitrogenous fertilizers. 
While in most cases the comparative availability of any two fertilizers is 
very nearly the same whether judged from the standpoint of crop yield or the 
recovery of nitrogen, it is better in this particular case to use the recovery of 
nitrogen as a basis of comparison, since two different kinds of crops were 
grown. 

In the case of pots 1 to 10, containing Norfolk sand without lime, ammonium 
phosphate ranked appreciably above ammonium sulfate and very much above 
the two organic fertilizers. When the same soil was limed the ratio of one 
fertilizer to another was practically the same, except that for some unknown 
reason cottonseed meal gave very much lower results. 

Referring to pots 41 to 60, where the same experiment was repeated except 
that twice as much nitrogen was applied, it will be noticed that the same ratios 
hold true. However, ammonium sulfate gave yields more nearly equal to 
ammonium phosphate, especially in the unlimed soil. The highest percentage 
recovery of the nitrogen applied was 69.94 per cent. 

As previously stated the Norfolk sand was very poor and only slightly 
acid, thus explaining why liming failed to cause any decided increases in crop 
yields. Considering the recovery of nitrogen in the Sassafras loam it will 
be noticed in the summary table that for pots 21 to 30, which were unlimed, 
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TABLE 8 


Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions 
Second crop (Buckwheat) 


i TREATMENT mo aver (oven | MITE | Ave | sarxo-| A.cz" | oven 
Norfolk sand 

Unlimed : 

grams | grams grams | percent| percent| mgm. mgm. mgm. 
1 4.6 1.29 59.34 
g | Cirerk....-- 2. 0s eee { 40| 4.3 1.16 | 1.23 | 46.40| 52.87 
3 | Ammonium _phos- 15.4 0.73 112.42 
oe eee 16.7 | 16.05| 11.75 | 0.72 | 0.73 |120.24/116.33| 63.46 
ae ; tiie 15.7 0.68 106.76 
6 | Ammonium sullate...) | 14 4 | 15.05] 10.75 | 0.73 | 0.71 |105.12/105.94| 63.97 
7 , 11.2 0.83 92.96 
g | Dried blood......... { 10.6 | 10.9| 6.60 | 1.12 | 0.98 |118.72|105.84| 52.97 
2 10.5 : 0.83 87.15 
19 | Cottonseed meal....-4 | 44.0] 10.75] 6.45 | 0.83 | 0.83 | 91.30) 89.23] 36.36 
Limed 
11 | 10.9 1.03 112.27 
12 | Check............. \| 10.6 | 10.75 0.92 | 0.98 | 97.52|104.90 
13 | Ammonium __ phos- 26.2 0.70 183.40 
Mi plebe...........4 22.5 | 24.35] 13.60 | 0.80 | 0.75 |180.00/181.70| 76.80 
Si, lia 20.0 , | 0.86 162.00 
16 | ‘*mmonium sullate...) | 92.8 | 21.40) 10.65 | 0.74 | 0.80 |168.72/165.36| 60.46 
9 ei ecaees { 20.2 0.79 159.58 
18 Pees awie 20.6 | 20.40} 9.65 | 0.81 | 0.80 |166.86)163.22| 58.32 
19 s| 17.0 0.82 139.40 
20 | Cottonseed meal....-)| 15°7 | 16.35] 5.60 | 0.86 | 0.84 |135.02/137.21| 32.31 

Sassafras loam 

Unlimed 
21 24.8 0.99 245.52 
" leeeecenteaneaiaiiai { 25.0 | 24.90 0.99 | 0.992/247.52|246.51 
23 | Ammonium phos- 26.3 215 302.45 
24 | phate............. {| 35.0 | 30.65] 5.75 | 0.97 | 1.06 |304.50|303.23] 56.72 
25 : f} 25.3 1.29 326.37 
26 | Ammonium sulfate... } | 97'9 | 26.15] 1.25 | 1.36 | 1.32 |367.201346.79| 100.75 
27 : J} 29.0 1.11 321.90 
2g | Dried blood......... 1 | 33.2 | 31.10] 6.20] 1.06 | 1.09 |351.92/336.91| 90.40 
29 {| 30.2 1.12 338.24 
30 | Cottonseed meal...) | 99°4 | 29.80] 4.90 | 1.05 | 1.09 |308.70|323.47| 76.96 
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STUDIES WITH AMMONIUM PHOSPHATE 


TABLE 8—(Continued) 


por TREATMENT view | AV |" oven | NEO” | Anse” | narno- | Ayor" Noven 
Limed 
grams | grams grams | perceni| percent| mgm. | mgm. mgm. 
31 | Check 37.6 0.85 319. 60) 
32 saad 32.3 | 34.95 0.87-| 0.86 |281.01/300. 31 
33 | Ammonium _phos- lost 
| ie Rae 36.6 | 36.6 | 1.65 | 1.18 | 1.180|431.88/431.88) 131.57 
35 A i Ifate lost 
| i eo. 1 | 95. | 2. 285 | 1.92 | 2.9008. 16812.16) 218.85 
37 : lost 
38 | Dried blood........ { 37.8 | 37.80| 2.85 | 1.03 | 1.030'389.34/389.34| 89.03 
a 30.0 1.01 303.00 
"th bomen tt ae oe sk 0.985}357. 12)330.06) 29.75 
Norfolk sand 
Unlimed 
41 | Check 6.8 1.01 68.68 
42 -incecspecniiaaeecaiaeiaial 5.1] 5.95 1.21 | 1.110] 61.71] 65.20 
43 | Ammonium phos- { 35-5 0.63 223.65 
44 | phate............. || 35.5 | 35.50] 29.55 | 0.67 | 0.650\237.85/230.75| 165.55 
A 32.5 0.71 230.75 
“oi” . “| 34.8 | 33.65] 27.70 | 0.62 | 0.665/215.76|223.26| 158.56 
47 : 24.3 0.70 170.10 
4g | Dried blood......... { 26.8 | 25.55] 19.60 | 0.73 | 0.715|195.64|182.87| 117.67 
49 21.5 0.73 156.95 
50 Cottonseed meal... { 21.0 | 21.25] 15.30 | 0.74 | 0.735/155.40/156.18| 90.98 
Limed 
| 
51 9.1 0.90 81.90 
52 | Check............ .{ 10.3| 9.70 0.87 | 0.89 | 89.61| 85.76 
53 | Ammonium _phos- 34.6 0.83 287.18 
54 | phate............. || 33.8 | 34.20] 24.50 | 0.83 | 0.83 |280.54|283.86] 198.10 
55 , 33.4 0.82 273.88 
56 Ammonium sulfate... { 34.7 | 34.05] 24.35 | 0.79 | 0.81 |274.13/274.01| 188.25 
57 ‘ 23.2 0.85 
58 Dried blood......... { 31.6 | 27.40] 17.70 | 0.83 
59 24.8 0.83 
60 Cottonseed meal..... { 20.0 | 22.40! 12.70 | 0.87 
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TABLE 8—(Concluded) 


=>. INCREASE . rorat | ane | INCREASE 
| eee me te Se | | | |e 
Sassafras loam 
Unlimed 
“stirs grams | grams grams | per cent | per cent | mgm. | mgm. | mgm. 
ho f| 21.5 1.02 219.30) 
62 | Check.....-.------- 1] 17.6 | 19.55 1.33 | 1.18 |234.08)226.69| 
63 | Ammonium _phos- f 36.5 1.18 430.70 
64 | phate............. | | 36.6 | 36.55] 17.00 | 1.19 | 1.19 /435.54/433.12| 206.43 
65 | 4 , state _ J| 21:5 2.09 449.50 
66 | ‘mmonium sullate..- ) | 23.0 | 22.25| 3.70 | 2.19 | 2.14 |503.70|476.60| 249.91 
67 ; (| 28.2 
63 | Dried blood......... {| lost | 28.20] 8.65 | 1.41 | 1.41 |397.62/307.62]| 170.93 
s 
| 25.8 1.18 304. 44 
70 Cottonseed meal..... { 28.6 | 27.20) 7.65 | 1.17 | 1.18 |334.62/319.53) 92.84 
Limed 
hn [| 28.6 1.04 297 .44| 
72 age ala laae || 38.4 | 33.50) 1.08 | 1.06 |414.72/356.08 
73 | Ammonium __ phos- 43.8 1,07 468 .66 
74.| phate............. || 40.5 | 42.15} 8.65 | 1.07 | 1.07 |433.35/451.01| 94.93 
75 | bee eutear, _ [| 44-5 1.10 489.50 
76 | ‘Ammonium sullate..- 1 | 45.5 | 45.00] 11.50 | 1.03 | 1.07 |468.65/479.08| 123.00 
77 : 35.6 1.08 384.48 
78 | Dried blood......... {| 49°8 38.20} 4.70 | 1.02 | 1.05 |416.16|400.32) 44.24 
| 
A eee 36.4 | 1.05 382.20 
i>. | ee... {| 38:7 | 37.55} 4.05 | 1.02 | 1-04 |304.74)388.47| 32.39 


ammonium sulfate ranked first, ammonium phosphate second, and dried blood 
and cottonseed meal, third and fourth, respectively. When lime, was used, 
the recovery from ammonium phosphate was nearly 7 per cent higher than 
from ammonium sulfate and decidedly above that from the two organic 
fertilizers. 

In pots 61 to 80 where large quantities of nitrogen were used similar results 
were obtained, with the exception that ammonium phosphate stood second in 
both cases. This Sassafras loam which was not very much heavier than the 
Norfolk sand was more acid and richer in nitrogen. This explains the results 
obtained, especially as regards the low recovery of nitrogen in most cases. 
Liming made the nitrogen already in the soil available, so that fertilizers did 
not always show large increases. It is to be regretted that “damping-off” 
fungi attacked the young plants in a few of the pots and results from these 
cannot be given. Pots 33, 35 and 37 accidently received an application of 
fertilizer after the crop of barley was grown and these must be eliminated in 
considering the data. 
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TABLE 9 


Third crop (buckwheat) 
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r greenhouse conditions 


— TREATMENT vim | A758 |ovet | S™EO- AvERC | srmo- | AYER |" oven 
7 Norfolk sand 7. 
Unlimed 
grams grams grams percent | percent | mgm. | mgm. mgm. 
eo 0.0 0.00 0.00) 
g | Check.............. 0.1 | 0.05 2.10} 2.10} 2.10) 1.05 
3 | Ammonium _phos- 0.1 2.10 2.10 | 
4 | phate............ 0.6| 0.35 | 0.30] 1.85 | 1.98 | 10.90] 6.50) 5.45 
| 
5 (| 0.1 2.05 2.05 | 
6 | Ammonium sulfate... | 9°9/ 0.05] 0.00} 0.00 | 2.05 | 0.00) 1.02] —0.03 
oo s| 0.6 1.75 10.50 
g | Dried blood......... L] 0.1] 0.35) 0.30] 2.00 | 1.88 | 2.00) 6.25, 5.20 
ae 0.6 1.99 11.90) 
10 Cottonseed meal..... { 0.3 | 0.45} 0.40) 1.77 | 1.88 | 5.30) 8.55} 7.50 
Limed — 
| eg grams | grams grams percent | percent| mgm. | mgm. ia 
"ee 0.6 1.85 11.10] 
12 | Check............-. { 1.0 | 0.80 1:71 | 1.78 | 17.10] 14.10 
13 | Ammonium __phos- 1.9 1.66 | ecu 
44] phale.........-: 1:4} 1.65 | 0.85] 1.75 | 1.71 | 24.50) 28.02) 13.92 
15 ' it 23 1.54 41.58) 
sp | ROS) Taf eem) 1:08) 1.58 | 1.55| 181) Sees 18.78 
17 ; f| 2.0 1.59 31.80) 
1g | Dried blood........-4) 4°] 4.90] 1.10] 1.34 | 1.47 | 24.12] 27.961 13.86 
| 
1921) 5 : 0.4 1.85 7.40) 
20 Cottonseed meal..... { 1.3 | 0.85} 0.05] 1.14 | 1.50 | 14.82) 11.11) —2.99 
Sassafras loam 
Unlimed 
21 2.4 1.41 33.84 
22 | Check............-. { 2.0 | 2.20 1.74 | 1.58 | 34.80] 34.32 
23 | Ammonium _phos- 2.9 1.88 54.52 
ea "are 1.9 | 2.40 | —0.20] 1.69 | 1.79 | 32.11| 43.32) 9.00 
25 1.2 2.00 24.00 
26 Ammonium sulfate... { 2.5 | 1.85 | —0.35] 1.55 | 1.78 | 38.75] 31.38] —2.94 
ae 1.0 2.36 23.60 
9g | Dried blood......... { 2.1 | 1.55 | —0.65| 1.67 | 2.12 | 35.07] 29.34} —4.98 
29 | 2.0 1.73 34.60 
gp | Ceri... 1) 16) 98 | Oe 1.05 | 1:80 | 69 ee 8.88 
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TABLE 9—(Continued) 


ni TREATMENT wren | AEE |"oven | METRO] AvER- | sarao-| "722° |"oven 
Sassafras loam 
Limed 
31 / {| 2.5 1.89 47.25 
32 | Check.............. \| 4.4] 3.45] . | 1.50 | 1.74 | 69.96] 58.61 
33 | Ammonium  phos- {| lost 
ee ee 1} 3.1] 3.10 | —0.35] 1.73 | 1.73 | 53.63] 53.63] —4.98 
35 : S| lost 
36 | Ammonium sulfate...) | 4 | 4.00 | 0.55| 1.67 | 1.67 | 66.80] 66.80] 8.19 
37 : J | lost 
3g | Dried blood.......--9| 43] 4.30] 0.85] 1.53 | 1.53 | 65.79] 65.79| 7.18 
39 ‘ie 1.73 91.69 
4g | Cottonseed meal...../ 3°9 | 415] 0.70] 1.87 | 1.80 | 56.10] 73.90] 15.29 
Norfolk sand 

Unlimed 

grams | grams grams | percent | percent| mgm. mgm. mgm. j 
41 {| 0.0 0.00 0.00 
42 Check...........+.+7 0.0 | 0.00 0.00 | 0.00 | 0.00! 0.00 
43 | Ammonium _phos- 0.3 2.58 7.74| 
<9 ie -aeemende 0.2| 0.25] 0.25] 2.62 | 2.60] 5.24] 6.49] 6.49 
45 ; {| 0.2 2.62 5.24 
46 | Ammonium sulfate...) | 91 |0.15| 0.15] 2.50 | 2.56 | 2.50| 3.87] 3.87 
47 ' 0.4 2.33 9.32 F 
48 Dried blood......... { 0.6|0.50| 0.50] 1.68 | 2.01 | 10.08} 9.70} 9.70 | 
49 0.1 2.05 2.05 
50 | Cottonseed meal.....{] 9'9 | 9.50 | 0.50] 2.11 | 2.08 | 18.99| 10.52| 10.52 | 
Limed / 
51 sf] 0.5 2.41 11.05 ; 
52 | Check.............. 1} 0.0 | 0.25 0.00 | 2.41} 0.00] 5.53 
53 | Ammonium phos- {| 1.2 2.21 26.52 
Ser aan 1.7| 1.45 | 1.20] 1.75 | 1.98 | 29.75| 28.14} 22.61 
55 ; s| 0.8 2.01 16.08 
56 | Ammonium sulfate...) 92 | 0.50} 0.25] 1.91 | 1.96] 3.82| 9.95] 4.42 
2 {| 1.6 1.98 31.68 
58 | Dried blood.........-) 4°9 | 1.75] 1.50] 2.73 | 2.36 | 51.87| 41.78] 36.25 
59 0.0 0.00| 0.00 0.00 
60 | Cottonseed meal... { 0.7|0.35| 0.10] 2.01 | 2.01 | 14.07} 7.04} 1.51 
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STUDIES WITH AMMONIUM PHOSPHATE 


TABLE 9—(Concluded) 


INCREASE i ns TOTAL ER- INCREASE 
or rueATMENT view | AvER |"oven | SmEO-| AvER- | sormo: | AV2®* | "oven 
Sassafras loam 

Unlimed 

grams | grams grams per cent| percent| mgm. mgm. mgm. 
61 | Check { 0.5 2.39 11.95 
62 hc ca 2.0 | 1.25 1.77 | 2.08 | 35.40) 23.68 
63 | Ammonium __phos- 2.0 1.90 38.00 
see 2.0] 2.00} 0.75] 2.31 | 2.11 | 46.20] 42.10) 18.42 
65 | 4 : ia 2.5 2.36 59.00 
"Steen 2.3] 2.40 | 1.15] 2.17 | 2.27 | 49.91] 54.46) 30.78 
67 , 2.5 2.05 51.25 
6g | Dried blood......... { lost | 2.50} 1.25 2.05 51.25| 27.57 
a 2.6 1.89 49.14 
ef re eee 1.5] 2.05 | 0.80} 2.73 | 2.31 | 40.95] 45.07} 21.39 
Limed 
71 Fe i 2.13 57.51 
72 | Check............+5 { 5.5 | 4.10 1.81 | 1.97 | 99.55] 78.53 
73 | Ammonium _phos- 3.2 1.79 57.28 
74, | phate............. 5.0| 4.10} 0.00] 1.75 | 1.77 | 87.50} 72.39] —6.14 
75 , {| 2.6 1.84 47.84 
76 | Ammonium sulfate..) | 3'6 | 3.10 | —1.00] 1.57 | 1.71 | 56.52| 52.18|-26.15 
77 ‘ 4.2 1.70 61.40 
78 | Dried blood......... { 3.6 | 3.90 | —0.20| 1.85 | 1.78 | 66.60] 64.00/—14.53 
79 fi £2 1.76 93.28 
go | Cottonseed meal...) 4°5| 4.90 | 0.80! 1.80 | 1.78 | 81.00| 87.14] 8.61 


One peculiarity is brought out in the results, namely, the low crop yield in 
the unlimed ammonium sulfate pots as compared with ammonium phosphate, 
but the very much higher percentage of nitrogen in the crop. It is barely 
possible that under the existing acid conditions the nitrogen of ammonium 
sulfate is less efficient as far as increasing crop growth is concerned, but the 
writer does not wish to state this definitely. 

From the results as a whole one might say on first thought that ammonium 
phosphate would give better results if applied on light sandy soils while the 
reverse would be true for ammonium sulfate, but the data given do not 
prove this point. Undoubtedly the chemical and biological differences be- 
tween the two soils are much greater factors than the mere textural differences. 
Other sandy or loam soils would probably give entirely different results. 

As has been previously shown by various investigators dried blood and 
cottonseed meal rank much lower in availability than ammonium sulfate. In 
both soils used in this experiment dried blood showed a tendency to produce 
larger yields than cottonseed meal. The residual effect which is often claimed 
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TABLE 10 
Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions 
Summary—First three crops 


| TOTAL 


| 
POT No. | TREATMENT | YIELD AVERAGE ee | gona AVERAGE a | aa 
| | CHECK ERED CHECK ERED 
Norfolk sand (167 mgm. of nitrogen added) 
Unlimed : 
grams grams grams’ mgm. mgm. mgm. 
“ae 6.49 111.34 
q | Check.............. { 5.81 | 6.15 102.60] 106.97 
3 | Ammonium phos- {| 17.91 216.02 
i el || 19.58 | 18.75 | 12.60 | 220.04] 218.03] 111.06) 66.50 
Pcie Je 202.86 
ee 11 06. 26 1 07.45 | 12.90 | 299.52) 200.29) 94.22) 56.41 
7 m 13.99 181.16 
g | Dried blood......... { 13.12 | 13.56 | 7.41 | 202.17] 191.67| 84.70] 50.72 
4 Cottonseed meal { 13.37 179.05 
10 +++ 91 43/56 | 13.47 | 7.32 | 177.70] 178.38] 71.41] 42.76 
Limed 
11 l s| 13.52 188.97 
12 | Check.............. 1 | 13.31 | 13.42 172.02| 180.50] 
13. | Ammonium __phos- 30.11 290.94 
‘oa eee 26.03 | 28.07 | 14.65 | 284.80] 287.87| 107.37] 64.29 
15 ae 272.28 
16 | Ammonium sulfate... ) | 96°01 | 25.24 | 11.82 | 260.54] 266.41] 85.91] 51.44 
17 , 24.34 266.38 
18 Dried blood.....'... { 24.21 | 24.28 | 10.86 | 259.18] 262.78] 82.28] 49.27 
i 19.48 226.00 
oe meal... { 18.97 | 19.23 | 5.81 | 221.44] 223.72] 43.22] 25.88 


Sassafras loam (167 mgm. of nitrogen added) 


Unlimed 

a s| 29.50 381.16 

22 | Check.............. || 29.81 | 29.66 309.56 390.36 

23 | Ammonium phos- {| 31.58 494.08 

Sie eee | | 38.86 | 35.22 | 5.56 | 459.211 476.65] 86.29] 51.57 
25 . (| 28.96 458.71 

26 | Ammonium sulfate... ) | 31'6g | 30.32 | 0.66 | 506.65| 482.68] 92.32) 55.28 
a r) 32.13 |* 438.20 

2g | Dried blood.......... | 37'94 | 35.04 | 5.38 | 501.59] 469.90] 79.54] 47.63 


ae 34.50 474.24 
39 | Cottomeced:mesl..... { 33.39 | 33.95 | 4.29 | 430.29] 456.74] 66.38] 39.75 


“Lttng pebbles 
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TABLE 10—(Continued) 


aca | TOTAL | o Reno 
POT NO. TREATMENT YIELD AVERAGE NCVER. [NITROGEN AVERAGE ——“" yong 
CHECK omy CRECK ERED 
Sassafras loam (167 mgm. of nitrogen added) 
Limed 
grams grams grams mgm. mgm. mgm. 
el ue { 42.38 470.00 
H 32 Pee ishegeaieeneed 39.42 | 40.90 481.42| 475.71 
33 | Ammonium __phos- { lost 
|} phete....<....... 42.17 | 42.17 | 1.27 | 596.06] 596.06] 120.35] 72.96 
Bia fiscal lost 
36 | ‘mmontum sultate... ) | 43.06 | 43.06 | 2.16 | 584.11] 584.11] 109.00) 65.27 
37 : lost 
‘ 38 Dried blood.......... { 44.47 | 44.47 | 3.57 | 564.03| 564.03] 88.32] 52.89 
fi 30 |. 37.37 488.14 
| 40 Cottonseed meal..... { 42.54 | 39.96 |—0.94 | 512.77] 500.46] 24.75] 14.82 
i Norfolk sand (334 mgm. of nitrogen added) 
i Unlimed 
4 a 
i 41 —e 8.73 128.88 
. * S acunaatonaion {] 7:13 | 7.93 124.11] 126.50 
| 43 | Ammonium _ phos- 38.74 348.44 
‘ 44 <> mile 38.06 | 38.40 | 30.47 | 338.34] 343.39] 216.80] 64.87 
Ett 35.05 332.59 
; 46 | “Ammonium suMate... \ 1 37.82 | 36.44 | 28.51 | 343.26] 337.93) 209.44) 62.71 
‘ ae 27.41 284.22 
: 4g | Dried blood.......... { 29.67 | 28.54 | 20.61 | 293.42| 288.82) 162.32) 48.60 
; 
49 |. 24.26 264.80 
{ $0 | Cottonseed meal..... {) 34°60 | 24.43 | 16.50 | 280.34) 272.67] 146.17] 43.76 
Limed 
51 ; 11.48 173.65 
52 | Gheck.............. { 12.40 | 11.99 | 158.41] 166.03 
53. | Ammonium _ phos- { 38.12 | 401.80 
54 phate............. {| 38.07 | 38.10 | 26.11 | 397.49] 399.65] 233.62) 69.94 
ae ee 36.28 373.76) 
_ Eee 11 2.48 | OO) | _ 375.58} 209.55) 62.73 
57 ' 27.12 320.13} 
3g | Dried blood......... {] 35°77 | 31.45 | 19.46 302.61) 311.37 145.34] 43.51 
| 
Bo tis 1) | | 300.94 
60 | -Orronseotmeals--~ \ | 23.33 | 25.34 | 13.35 | 286.32] 296.63] 127.60] 38.20 
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TABLE 10—(Concluded) 


TOTAL | 
INCREASE NITROGEN INCREASE} PER CENT 


POT NO. | TREATMENT YIELD AVERAGE OVER RECOV- AVERAGE| OVER RECOV- 
| CHECK ERED | CHECK ERED 


Sassafras loam (334 mgm. of nitrogen added) 


Unlimed 
grams grams | grams mgm. mgm. mgm. 
61 | Check 25.33 376.95 
62 Pepe sees eK sees 23.35 | 24.34 432.28] 404.62 


63 | Ammonium phos- { 41.72 611.35 

64 phate.............. || 41.72 | 41.72 | 17.38 | 621.84] 616.60) 211.98) 63.46 

eh cueaieas fat 27.64 670.80 

66 | “Ammonium sullate... || 28.74 | 28.19 | 3.85 | 699.97] 685.39] 280.77] 84.06 

67 : 34.68 

6g | Dried blood......... { lost | 34.68 | 10.34 | 622.17| 622.17| 217.55] 65.13 

69 32.62 534.82 

79 | Cottonseed meal... { 34.68 | 33.65 | 9.31 | 566.81] 550.82) 146.20] 43.77 
Limed 

71 | Check ' 35.71 546.37 

72 + pigpneemeatee aia 48.07 | 41.89 708.52] 627.45 


50.49 686.62 


73 | Ammonium _phos- 
49.15 | 49.82 | 7.93 | 687.20) 686.91) 59.46) 17.80 


74 CS Saat ACs Sere 


75 
76 | Ammonium sulfate... 4 | 59°53 | 51.68 | 9.79 | 683.82| 695.46] 68.01] 20.36 


43.61 616.58 


17 
Dried blood........-. | | 48°15 | 45.88 | 3.99 | 651.42] 634.00 6.55] 1.96 


78 


44.87 615.08 


79 
46.86 | 45.87 | 3.98 | 643.84!) 629.46) 2.01) 0.60 


80 Cottonseed meal... .. 


{ 
{ 50.83 707 .09 


for the organic fertilizers did not seem to be very marked under greenhouse 
conditions. The third crop in many cases is just as large in the ammonium 
phosphate or ammonium sulfate pots as in the others. 

After removing the three crops, the yields and analyses of which were given 
in previous tables, the fertilizer applications used at the beginning of the 
experiment were repeated except that no lime was added. The soils were 
removed from the pots and the fertilizers mixed with the entire 20 pounds of 
soil. The yields of the buckwheat and analyses are given in table 11. A 
residual crop of buckwheat was also grown and the data reported in table 12. 
Where the crop yield was less than one gram the sample was not analyzed 
but the proportion of nitrogen was assumed to be 1.7 per cent. The slight 
error introduced is practically negligible. The buckwheat plants in a few 
more pots were destroyed by “damping-off” fungi and the yields are not given. 
The residual crop of buckwheat was so small that it was not considered worth 
while to plant another crop without additional fertilizer, as was done in the 
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Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions 
Fourth crop (buckwheat) 


IN- , IN- 
= TREATMENT sams | AYER [Geese | Mamae™| Aza | seeno- | “tar | Gee 
CHECK oN CHECK 
Norfolk sand (167 mgm. of nitrogen added) 
Unlimed 
grams | grams | grams | percent| percent| mgm. mgm. mgm. 
1 3.5 1.41 49.35 
g | nese consneees { 1.5| 2.50 1.56 | 1.48 | 23.40] 36.37 
3 : 16.2 1.05 170.10 
4 Ammonium phosphate... { 15.7 | 15.95] 13.45] 0.98 | 1.01 |153.86|161.98]125.61 
5 Ammonium sulfate 13.7 1.14 156.18 
6 . +++] 15.4 | 14.55] 12.05] 1.36 | 1.25 ” 44/182.81|146.44 
| 
7 9.0 1.29 116.10) | 
g | Dried blood........... { 8.4| 8.70} 6.20| 1.21 | 1.25 |101.64108.87| 72.50 
| | 
oe 5 10.5 1.09 \114.45] | 
> | Cone ++ {| 10:3 10.50| 8.00, 0.92 | 1.00 | 96.60|105.52| 69.15 
Limed 
] oa ae ee 
Fe 5.0| . | 1.35 | | 67.50| | 
eee tise { 4.6 | 4.80 | 1.24 | 1.29 | 57.04) 62.27] 
| | 
13 | ammonium phosphate 18.1 | 1.02 | |184.62| | 
ni phosphate. | 16.7 | 7.40] 12.60) 1.13 | 1.07 |188.71/186.66)124. 39 
| | | | | 
15 | , 16.0 | 1.07 | 171.20] | 
i¢ | Ammonium sulfate..... {| 16°F | 16,35 11.55] 1.07 | 1.07 |178.69)174.94 112.67 
| | | | 
17 , f| 11.7 | | 1.04 | 121.68} | 
1g | Dried blood ..........-1 | 13'9 | 12.80] 8.00, 1.07 | 1.05 148. 73)135.20 72.93 
| | | 
19 13.7 | | 0.99 | 135.63 
gp | Soteensenkoneet., ... ... { 11-2 | 12.45| 7.65) 1.15 | 1.07 |128.801132.21) 69.94 
| | ! i i 
Sassafras loam (167 mgm. of nitrogen added) 
Unlimed 
fail | |226| | 24.8 | 
or ee | | 2.26 | | 24.86 
heigl an ee {| 12} a.ast | 2208 | 2.15 | i 24.73| 
3 |, 5.4 | | 2.23 | /120.42| | 
24 | Ammonium phosphate. { 4.0] 4.70} 3.55] 2.35 | 2.29 | 94.00)107.21| 82.48 
' | | | 
| | | | | 
2g : (i ol | 2.60 | 1106. 60} | 
a5 | Ammotinmaoniiete...--)/ 9:2] 3.48} 2100) 2.52 | 2.56 | $5.40] 88.03) 57.29 
ae {| 2.6 | | 2.69 | | 69.94! | 
ge) eR eee... --<-4 + {| 4.6] 3.60] 2.55] 2.33 | 2.51 |107.18) 88.56] 63.83 
| | | | } 
29 | fi 22 | | 2.29 | 73.28 
a | ere: {| 3.0] 3.10) 1.95] 2.41 | 2.35 | 72.30, 72.79} 48.06 
| ' } 
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TABLE 11—(Continued) 


POT AVER- anaes NITRO- AVER- TOTAL AVER- oa 
No, TREATMENT YIELD | AGE OVER | GEN AGE eel AGE OVER 
CHECK CHECK 
Sassafras loam (167 mgm. of nitrogen added) 
Limed 
grams | grams | grams | percent| percent| mgm. mgm . mgm. 
hve 8.0 1.20 96.00 
32 | Check................. { 8.7 | 8.35 1.12 | 1.16 | 97.44] 96.72 
33 . lost 
34 | Ammonium phosphate . { 16094 — 
35 , lost 
36 Ammonium sulfate..... { 18.0 | 18.00} 9.65] 1.24 | 1.24 |223.20/223.20|126.48 
37 . lost 
3g | Dried blood........... { 13.7 | 13.70] 5.35| 1.26 | 1.26 |172.62|172.62| 75.90 
39 | Cott — 15.2 1.21 183.92 
S earra------ 16.5 | 15.85] 7.50] 1.15 | 1.18 |189.75]186.83] 90.11 
Norfolk sand (334 mgm. of nitrogen added) 
Unlimed 
41 | Check | 0.8 1.79 14.32 
42 PrereEr dees keaeen sis 0.0} 0.40 0.00 | 1.79 | 0.00) 7.16 
43 |. i tint 23.1 1.15 265.65 
44 | ‘*mmonium phosphate. ) | 22.7 | 22.90) 22.50) 1.20 | 1.17 |272.40/269.021262.86 
45 |, ; fet 14.2 1.84 261.28 
46 | “‘mmonium sullate..--- 1 15.2 | 14.70) 14.30] 1.67 | 1.75 |253.84|257 .56|250.40 
47 | Dred blood 11.8 1.32 155.76 
48 sce ania dae alata 12.9 | 12.36] 11.95] 1.31 | 1.31 |168.99]162.37]155.21 
9 | cott euie 16.8 1.19 199.92 
"h lnceeteiaemeeees 14.8 | 15.80] 15.40} 1.31 | 1.25 |193.88]196.90]189.74 
" ‘Limed ‘ 
Sh ins 3.3 1.31 43.23 
52 | Check.............++6 { 4.6| 3.90 1.37 | 1.34 | 61.65] 52.44! 
53 | Ammonium phosphate. {| 29-5 | 
54 | ‘Ammonium phosphate. 4! lost | 29.50] 25.60] 1.13 | 1.13 |333.35/333.35/280.91 
55 | 4 : 7 24.0 1.21 290.40 
5 | “eemomeam oultate...-. 1 | 25.3 | 26.65) 20.75) 1.15 | 1.18 |200.95/290.67/238.23 
57 , 17.6 1.36 239.36 
5g | Dried blood........... { 20.2 | 18.90] 15.00] 1.26 | 1.31 [254.52/246.94|194. 50 
a ee ee 19.6 1.20 235.20 
| aie acta 22.0 | 20.80] 16.90 1.12 | 1.16 |246.40/240. 80 188. 36 
{ 
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TABLE 11—(Concluded) 


IN- TOTAL | IN- 
¥0. TREATMENT oad A ke a ee 
CHECK CHECK 
Sassafras loam (334 mgm. of nitrogen added) 

Unlimed 

grams grams grams | percent| percent| mgm. mgm. mem. 
61 2.1 1.91 40.11 
62 | Check............000 { 0.6] 1.35 2.01 | 1.96 | 12.06] 26.08 
63 6.0 2.39 143.40 
64 Ammonium phosphate.. { 5.6 | 5.80} 4.45] 2.62 | 2.50 |146.72/145.06/118.98 
65 4.2 2.55 107.10 
66 Ammonium sulfate..... { 5.2| 4.70| 3.35] 2.74 | 2.64 |142.48/124. 79] 98.71 
rae 2.4 2.56 61.44 
6g | Dried blood........... { 2.9| 2.63| 1.30} 3.29 | 2.92 | 95.41] 78.42] 52.34 
60 |. %s 2.51 138.05 
70 | Cottonseed meal....... { 5.6 | 5.55] 4.20] 2.41 | 2.46 |134.96]136. 50/110. 42 
Limed 
71 7.5 1.24 93.00 
72 | Check.............05. { 9.2} 8.35 1.35 | 1.29 |124.20'108.60 
73 : lost 
74 | Ammonium phosphate. { 23.5 | 23.50) 15.15] 1.27 | 1.27 |298.45|298.45|189.85 
75 ' 26.6 1.26 335.16 
76 Ammonium sulfate..... { 31.0 | 28.80] 20.45| 1.08 | 1.17 |334.80|334.98|226. 38 
ae 23.0 1.35 310.50 
7g | Dried blood........... { 22.4 | 22.70| 14.35] 1.27 | 1.31 |284.48|297.49|188. 89 
79 20.6 1.08 222.48 
gp | Cottonseed meal....... { 23.9 | 22.25] 13.90] 1.22 | 1.15 |291.58]257.03]148.43 


first portion of this experiment. The summarized results for the two crops 
are given in table 13. 

In the following discussion of the results obtained subsequent to the second 
application of fertilizers to the soil it should be borne in mind that the recovery 
of nitrogen is probably influenced to some extent, at least, by the previous 
application of fertilizers. Just to what extent this factor enters in cannot be 
stated but it is certainly true that in most cases the recoveries of nitrogen during 
the second stage of the experiment were greater than for the original applica- 
tion. This is in agreement with the work of Lipman and Blair (22) who 
found that in cylinder experiments the average recoveries of nitrogen from 
all series for three rotations, covering a period of 15 years, were 34.94, 35.35 
and 38.30 per cent, respectively, for the first, second and third rotations. 
The writer is not inclined to attribute this to the residual effect of the fertilizers 
since in many cases the last crop on the treated pots was little larger than on the 
checks, indicating that there is little benefit from any residual nitrogen that 
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TABLE 12 


Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions 
Fifth crop (buckwheat) 


a p. | TOTAL | , p,_ | INCREASE 
<s4 TREATMENT YIELD =~ = : ‘ovr x a aa = “ N og “ bn name 
Norfolk sand 
Unlimed 
grams | grams | grams | percent| pergent| mgm. | mem mgm. 
1 | Check 0.1 1.70 1.70) 
2 ssa aia 1.0 | 0.55 1.67 | 1.68 | 16.70) 9.20 
3 ; 0.5 1.70 8.50 
4 Ammonium phosphate { 0.4 | 0.45 |—0.10] 1.70 | 1.70 | 6.80] 7.65|— 1.55 
ae ; Bas 0.1 1.70 1.70 
eeGeGGQGQue- 0.1 | 0.10 |—0.45| 1.70 | 1.70 | 1.70) 1.70\— 7.50 
7 : 1.0 1.78 17.00 
g | Dried blood.......... { 0.4|0.70| 0.15| 1.70 | 1.74] 6.80] 11.90} 2.70 
ae ' f| 0.5 1.70 8.50 | 
10 | Cottonseed meal...... {| 0.5 | 0.50 |—0.05) 1.70 | 1.70 | 8.50} 8.50/— 0.65 
| 
Limed 
11 | | 0.0 | | 
12 LOIN oe on gis tle Bie: S 8 { 00) 0.0 
13 , fl 0.5 1.70 8.50) | 
14 | Ammonium phosphate { 0.5 | 0.50! 0.501 1.70 | 1.70 | 8.30| 8.501 8.50 
is |, : Mere... {| 02 1.70 3.40 
~The 0.10) 1.70 1.70) 1.70 
1 0.3 | 1.70 5.10) | 
18 <a at aia ial ail 0.5 | 0.40 | 0.40) 1.70 | 1.70 | 8.50) 6.80) 6.80 
| er 0.3 | 1.70 | 5.10 | 
2 ticle aeaiaacemaamaliia 0.5 | 0.40 | 0.40) 1.70 | 1.70 | 8.50} 6.80, 6.80 
Sassafras loam 
Unlimed 
21 | 2.9 | 1.68 | | 48.72| | 
22 | Check.............+. {| 2.7 | 2.80 | 1.74 | 1.71 | 46.98) 47.85 
| | | 
23 ; 6.1 | 1.76 | 107. 36| | 
24 | Ammonium phosphate { 3.5 | 4.80 | 2.00) 2.11 | 1.93 1.89 90.60) 42.75 
| | | | | | 
25 | . fi BS = 239) J 58.00) | 
26 | Ammonium sulfate...) | 4°5 | 3.50 | 0.70| 2.46 | 2.39 |110.70| 84.35| 36.50 
| | | | | | 
“fe ee 3.2'} | 1.68 | 53.76) | 
gp | Deeiees.......---- 4) ag | 2.50 |—0.30) 2.26 | 1.97 | 40.68) 47.22|— 0.63. 
| | | | 
ae af fl as | 2.06 | 67.98 | 
pp | Cottomncecl sacel.. . .. \] 4.4 | 3.85 1.03 1.74 | 1.90 | 76.56] 72.27] 24.42 
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TABLE 12—(Continued) 


| ne a pian: a | TORE zp. | INCREASE 
POT | a NT ELD AV ap CREASE spec AV ER * AV al 
NO | TREATES AGE oe GEN AGE —— AGE can 
Sassafras loam 
Limed 
a ae grams grams grams | percent | percent| mgm. mgm. mgm. 
31 | Check f} 1.9 1.75 33.25 
aie {| 1.7 | 1.80 1.60 | 1.67 | 27.20] 30.22 
- Ammonium phosphate 1 net 
35 | \ ium sulfate {| lost 
36 | ‘Ammonium sullate..-- 11 2.2 | 2.20] 0.40) 1.44 | 1.44 | 31.68] 31.68] 1.46 
i ; | 
37 | “ae | lost | } | | 
3g | Dried blood......----\ | 3413.40) 1.60] 1.42 | 1.42 | 48.28/.48.28] 18.06 
| | | | | 
a sf] 3.3 | | | 1.24 | 40.92) 
ae || 2.6 | 2.95 | 1.15] 1.55 | 1.39 | 40.30 40.61) 10.39 
1 ' | 
Norfolk sand 
Unlimed 
WE | tea f{ 121. | | 1.80} — | 21.60 | 
Se he REE \| 2.2] 1.70 | 1.81 | 1.80 | 39.82) 30.71) 
43 | ie ies TT we | | | 1.70 | | 10.20) | 
4 Ser 1} 6.516 |-1. 1.11.2 | 13.60) 11.90|—18.81 
45 | ie li { 0.2 1.70 3.40 | 
Sane "11 0.0 | 0.10 |—1.60] 1.70 | 1.70 | 0.00) 3.40\—27.31 
| | 
Wins 6} 0.2 1.70 3.40 
4g. | Dried blood.....:.... 1} 0.6 | 0.40 |-1.36] 1.70 | 1.70 | 10.20] Bate 
49 1, 0.4 1.70 6.80) 
50 | Cottonseed meal... ... { 0.5 | 0.45 |-1.25) 1.70 | 1.70 | 8.50] 7.65|-23.06 
Limed 
51 0.0 | 0.00 
52 WEB oa suc cuiee winics { 0.0 | 0.00 
53 Ammonium phosphate 1.5 
54 ietitd lost | 1.50 | 1.50] 1.78 | 1.78 | 26.70} 26.70} 26.70 
55 0.4 1.70 6.80 
56 Ammonium sulfate... { 0.3 | 0.35 | 0.35} 1.70} 1.70| 5.10| 5.95| 5.95 
57 ; 0.6 1.70 10.20 
58 | Dried blood.......... { 0.5| 0.55] 0.55] 1.70! 1.70] 8.50! 9.35] 9.35 
59 0.2 1.70 3.40 
60 | Cottonseed meal...... { 0.1| 0.15] 0.15] 1.70| 1.70] 1.701 2.55] 2.55 
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TABLE 12--(Concluded) 


at oe | . vs TOTAL 3 — 

oar TREATMENT vreip | AVER- re ae | ae ES rm ovER 
Sassafras loam 
Unlimed 
| grams | grams | grams | percent| percent| mgm. mgm. mgm. 

St | Check 1.0 | 1.86 18.60 
52 se lia { 2.4 | 1.70 1.86 | 1.86 | 44.64] 31.62 
63 | 4 lai 6.9 2.44 168.36 
_ | eer 4.9 | 5.90 | 4.20] 2.38 | 2.41 |116.62/142.49| 110.87 
65 | 4 ; tf { 6.5 2.38 154.70 
66 | “mmonium sulfate....) | 3.5 | 5.00] 3.30) 2.52 | 2.45 | 88.20/121.45| 89.83 
67 : (| 4.5 2.25 101.25 
6g | Dried blood.......... {| 4.9] 4.70| 3.00] 3.06 | 2.65 |149.94]125.59] 93.97 
69 5.4 1.54 83.16 
79 | Cottonseed meal...... { 4.0 | 4.70 | 3.00] 2.56 | 2.05 |102.40| 92.78] 61.16 
Limed 
oe fi eg 1.23 33.21 
72 | Check..........--++: {| 2.5 | 2.60 1.33 | 1.28 | 33.25| 33.23 
73 Ammonium phosphate { lost ; 
74 | pone 1! 3.0] 3.00} 0.40) 1.66 | 1.66 | 49.80] 49.80) 16.57 
75 | 4 g iat { 3.4 1.39 47.26 
76 | “mmonium sullate....\/ 3.9 | 3.20 | 0.60] 1.73 | 1.56 | 51.90] 49.58] 16.35 
77 x 3.9 1.21 47.19 
78 Dried blood........... { 3.9 | 3.90| 1.30] 1.44 | 1.32 | 56.16] 51.67| 18.44 
79 3.6 1.55 55.80 
gq | Cottonseed meal...... { 3.0 | 3.30 | 0.70] 1.61 | 1.58 | 48.30] 52.05} 18.82 


may be present. A better explanation for the higher recoveries of nitrogen 
for the second application of fertilizers lies in the depletion of available plant- 
food. A soil which has plenty of available nitrogen or at least a fairly large 
amount will not give high recoveries of nitrogen because the crops can get 
what they need from the soil organic matter. On the other hand, a crop 
grown on a poor soil will utilize the nitrogen applied very readily because 
there is no other sufficient supply available. 

The summarized results in table 13 for the unlimed Norfolk sand with the 
lower rate of application show a lower availability for ammonium phosphate 
than ammonium sulfate, judging from the recovery of nitrogen. This is 
contrary to the results obtained for the first application of fertilizer. How- 
ever, the crop yields are higher for ammonium phosphate, again illustrating 
the point previously brought out that frequently ammonium sulfate produces a 
smaller crop but with a higher per cent of nitrogen than does ammonium 
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TABLE 
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Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions. 
Summary—Fourth and fifth crops 


| ! 7 
| | . TOTAL scwacea nC 
POT it TREATMENT YIELD _— a ow eo 
| CHECK oo CHECK ERED 
Norfolk sand (167 mgm. of nitrogen added) 
Unlimed 
| grams grams grams mgm. | mgm. mgm. 
1 3.6 51.05 
ere { are yo 
3 | Ammonium phos- 16.7 178.60 
4 phate.............1| 16.1 | 16.40 | 13.35 | 160.66] 169.63] 124.06] 74.28 
5 | 13.8 157.88 
6 | Ammonium sulfate... {| 155 | 14.65 | 11.60 | 211.14] 184.51] 138.94| 83.19 
7 : | 10.0 133.10 
g | Dried blood..........4| g’g | 9.40| 6.35 | 108.44] 120.77| 75.20] 45.03 
9 11.0 122.95 
10 Cottonseed meal... { 11.0 | 11.0 | 7.95 | 105.10] 114.02) 68.45] 40.99 
Limed 
11 | (| 5.0 67.50) | 
ee eee { 16| 4.80 57.04} 62.27 
13 | Ammonium phos- {| 18.6 193.12 
14 | phate............ \| 17.2 | 17.90 | 13.10 | 197.21] 195.16] 132.89] 79.57 
ei, , {| 16.2 174.60 
16 | Ammonium sulfate...) | 16°7 | 16.45 | 11.65 | 178.69] 176.64] 114.37] 68.48 
17 ; {| 12.0 126.78 
1g | Dried blood.........-4] 4474} 13.20] 8.40 | 157.23| 141.50] 79.23] 47.44 
19 {| 14.0 140.73 
29 | Cottonseed meal.....) | 41'7 | 12.85 | 8.05 | 137.30] 138.51] 76.24] 45.65 
Sassafras loam (167 mgm. of nitrogen added) 
Unlimed 
21 sl 4.0 73.58 
2 RGHBOKS bia wixb cwareeaa’ 1 3.9| 3.95 71.58! 72.58 
23 | Ammonium __phos- { 11.5 227.78 
24 MIN coskce nes 7.5| 9.50] 5.55 | 167.85] 197.81] 125.23] 75.00 
25 ; [| 6.6 164.60 
26 | Ammonium sulfate...)| 6 7| 6.65| 2.70 | 166.14| 165.37| 92.79] 55.56 
27 : sl 5.8 123.70 
9g | Dried blood.......-..1| 6 4] 6.10| 2.15 | 147.86] 135.78] 63.20] 37.84 
29 ‘| 6.5 141.26 
30 | Cottonseed meal..... | 7.4| 6.95 | 3.00 | 148.86] 145.06] 72.48] 43.40 
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TABLE 13—(Continued) 


crease) TOTAL INCREASE/}PER CENT 
POT NO. TREATMENT YIELD AVERAGE OVER SECON: AVERAGE OVER RECOV- 
| CHECK a CHECK ERED 
ERED 
Limed 
grams grams grams mgm. mgm. mgm. 
31 Check 9.9 129.25 
Sei eas 10.4 | 10.15 124.64] 126.94 


33 | Ammonium phos- lost 
34 i ee 


; \ . ‘l 20.2 | 20.20 | 10.05 | 254.88) 254.88) 127.94] 76.61 
36 Ammonium sulfate... { 


rf Dried blood.......... { 17.1 | 17.10 | 6.95 | 220.90} 220.90) 93.96) 56.23 
39 18.5 224.84 


40 Cottonseed meal..... { 19.1 | 18.80 | 8.65 | 230.05 


227.44 100.50) 60.18 


Norfolk sand (334 mgm. of nitrogen added) 


Unlimed 
: A 
41 2.0 35.92 
42 Check ares eee hee { 2.2 2 10 39.82 37.87 
43 | Ammonium _phos- {| 23. 7 275.85 
44 | phate............ .| 23.5 | 23.60 | 21.50 | 286.00] 280.92] 243.05] 72.77 
45 Ammonium sulfate { 14.4 264.68 
46 |! +4] 45.2 | 14.80 | 12.70 | 253.84] 259.26] 221.29] 66.25 
47 ; 12.0 159.16 
4g | Dried blood,........ { 13.5 | 12.75 | 10.65 | 175.79] 167.47| 129.60] 38.80 
49 17.2 206.72 
59 | Cottonseed meal... { 15.3 | 16.25 | 14.15 | 202.38] 204.55|166.68 | 49.90 
Limed 
51 ; 3.3 43.23} ~ 
52 | Check.............. { 4.5 | 3.90 61.65| 52.44 
53 | Ammonium phos- 31.0 360.05 
54 eee lost | 31.00 | 27.10 360.05} 307.61} 92.09 
55 ; 24.4 297 .20 
56 | Ammonium sulfate... { 25.6 | 25.00 | 21.10 | 296.05] 296.62) 244.18] 73.11 
57 ' 18.2 249.56 
58 Dried blood.......... { 20.7 | 19.45 | 15.55 | 263.02| 256.29] 203.85] 61.03 
59 19.8 238.60 
60 Cottonseed meal..... { 22:1 | 20.95 | 17.05 | 248.10] 243.35] 190.91] 57.16 
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TABLE 13—(Concluded) 


" TOTAL alert 
POT NO. TREATMENT YIELD AVERAGE a PEEROGEN AVERAGE om grag 
CHECK RECOY- CHECK ERED 
ERED 
Sassafras loam (334 mgm. of nitrogen added) 
Unlimed 
grams grams grams mgm. mgm. | mgm. 
61 3.1 58.71 
62 MOCK. So 555 acceures { 30 3.05 = 57.70 
63 | Ammonium phos- 12.9 311.76) 
64 SN cca seri 10.5 | 11.70 | 8.65 | 263.34} 287.55] 229.85] 68.81 
65 | 4 ; bi 10.7 261.80 
66 a es 8.9 | 9.70 | 6.65 | 230.68] 246.24) 188.54] 56.45 
67 : 6.9 163.69 | 
68 | Dried blood......... { 7.8| 7.35 | 4.30 | 245.35] 204.02) 146.32| 43.81 
| 
69 10.9 221.21 
70 | Cottonseed meal..... { 9.6 | 10.25 | 7.20 | 237.36] 229.28] 171.58] 51.37 


Limed 


71 
72 


10.2 126.21 | 
11.7 | 10.95 157.47| 141.84] 


74 PRAvE A ce noe 26.5 | 26.50 | 15.55 | 348.25} 348.25] 206.41} 61.80 
75 


6 Ammonium sulfate... 30.1 382.42 


73. | Ammonium phos- { lost 

{ 34.0 | 32.05 | 21.10 | 386.70) 384.56) 242.72) 72.67 
26.9 357.69 | 
26.3 | 26.60 | 15.65 | 340.64] 349.16] 207.32} 62.07 


77 


78 Dried blood............. 


: 
79 s| 24.2 278.28) 
go | Cottonseed meal.....4 | 96'9 | 25.55 | 14.60 | 339.88) 309.08) 167.24] 50.07 


phosphate. Dried blood and ccttonseed meal were decidedly lower in avail- 
ability than either of the ammonium fertilizers. 
At the higher rate of application of nitrogen in the absence of lime, am- 


“monium phosphate gave nearly double the crop yield that ammonium sul- 


fate did, but only about 6.5 per cent higher recovery of nitrogen. The high 
per cent of nitrogen in the crop from the ammonium sulfate pots nearly bal- 
anced the smaller crop yield. Cottonseed meal gave somewhat better results 
than dried blood, but both these organic fertilizers were decidedly lower in 
availability than the chemical fertilizers. 

Where lime. was applied to the Norfolk sand the crop yield and also the total 
recovery of nitrogen were always higher with ammonium phosphate than with 
ammonium sulfate. In this case the percentages of nitrogen in the crops 
grown from the two fertilizers were practically the same, contrary to the 
results on the unlimed soils. As shown in a later table ammonium sulfate 
increases the acidity of the soil to a slightly greater extent than does ammonium 
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phosphate. This may partially explain the results, but doubtless the differ- 
ences noted may be attributed largely to the action of the sulfate and phos- 
phate radicals. 

The results from the unlimed Sassafras loam with both rates of application 
are consistent in the sense that the same relative results were obtained with 
both the high and the low rates of application. In the percentage recovery 
of nitrogen, ammonium phosphate was first, ammonium sulfate second, cotton- 
seed meal third and dried blood fourth. With one exception the increase in 
crop yields over the checks was in the same order. With the higher rate of 
application cottonseed meal gave a slightly larger yield than ammonium 
sulfate but the difference is so slight that it may be neglected. 

So many results were lost at the lower rate of application in the case of the 
limed Sassafras loam that very little can be said about it. Doubtless the 
yields would have been comparable with those obtained where the larger 
amounts of nitrogen were used. As usual, dried blood and cottonseed meal 
were not as efficient as ammonium sulfate but the difference was not as great 
here as in the previous results discussed. Both ammonium phosphate results 
were lost, one through the mistake in the application of the fertilizer and the 
other as a result of the “damping off” fungi. With the higher rate of applica- 
tion ammonium sulfate gave a larger crop yield and a higher recovery of 
nitrogen than ammonium phosphate. Dried blood showed unexpectedly 
good results, giving the same yield as ammonium phosphate and practically 
the same recovery of nitrogen. Cottonseed meal was somewhat less avail- 
able than either of the other fertilizers used. 

After the removal of the fifth crop from the pots the original fertilizer 
applications were repeated except that no lime was added. Corn was planted 
and harvested when about 18 inches high. The dry weights and percentages 
of nitrogen in the crop are given in table 14. 

On the Norfolk sand, whether limed or unlimed, there was no great difference 
between the results from ammonium sulfate and from ammonium phosphate. 
Dried blood was usually not quite as efficient as cottonseed meal but both 
were inferior to the two ammonium salts. 

On the Sassafras loam the two organic fertilizers gave larger yields than 
the chemical fertilizers on the unlimed soil, but were usually not as efficient 
in the presence of lime. Ammonium sulfate was somewhat more effective 
than ammonium phosphate, which is partially in contradiction to the previous 
crops. Possibly the residual effect, if there is one, together with the fact 
that a different kind of crop was grown, accounts for the difference. 

In table 15 a summary is given of the results for the six crops grown on the 
same soils. In calculating the relative- increases in yield of dry matter and 
the relative recoveries of nitrogen, the results for the two different rates of 
application are averaged. Ammonium phosphate is then given a value of 
100 and the other fertilizers figured on this basis. 

In figures 6 and 7 the relative increases in dry matter over the checks and 
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TABLE 14 


Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions. 
Sixth crop (corn) 


43 


2 i sass TOTAL . bata | PER 
= TREATMENT vaexo | A°EE-| 8 formno-|avea-| soro- | AYER | CREASE | CENT, 
a , CHECK | ERED 
Norfolk sand (167 mgm. of nitrogen added) 
Unlimed 
grams | grams | grams | percent| percent) mgm. mgm mgm. | 
1} Check 4.3 1.13 48.59 
2 Pre haan hens se 4.2) 4.25 1.16| 1.15| 48.72| 48.65 
3] 4 er ee 9.0 1.22| 1.24|109.80 
ee ans ate { 10.1) 9.55] 5.30) 1.25] 1.24/126.25/118.02| 69.37|41.54 
S| ; list { 9.0 1.43 128.70 
6 | *mmonium sullate..-- 1) 9.91 9.45] 5.20) 1.29] 1.36]127.71|128.20| 79.55]47.63 
7 6.5 1.39 90.35 
g | Dried blood..........-{] §°6) 6.55] 2.30] 1.53 1.46|100.98| 95.66] 47.01)28.15 
AP 6.5 1.39 90.35 
iain { 8.5| 7.50] 3.25] 1.30) 1.35/110.5 |100.42| 51.77/31.00 
Limed 
oo 4.1 1.27 52.07] 
12 SE BEETLE 3.6] 3.85 1.37] 1.32} 49.32/ 50.69 
13 , f| 11.0/10.00) 6.15) 1.32) 1.39|145.20|138.30| 87.61|52.46 
14 Ammonium phosphate. 4 9.0 0.00 " 1.46 131.40 
15] 4 —, 7.7| 9.05| 5.20] 1.41] 1.40)108.57|126.56| 75.87/45.43 
| nts 1.39 144.56 | 
17 ; 7.0) 7.00) 3.15) 1.51] 1.49|105.70|103.95| 53.26/31.89 
18 Dred bleed ...5.<..< 54. { 70 146 102.20 | 
19 8.0] 8.45] 4.60) 1.37) 1.34/109.60|112.65| 61.96/37.10 
20 Cottonseed meal...... { 8.9 130 115.70 | 
Sassafras loam (167 mgm. of nitrogen added) 
Unlimed 
21 3.2 1.72 | 55.04 
92 | Check............... { 3.0} 3.10 1.78) 1.75} 53.40) 54.22 
23 Ammonium phosphate 4.6 2.03 93.38 
24 | * poy 4.2| 4.40} 1.30) 1.93] 1.98} 81.06] 87.22] 33.00/19. 76 
25 | , ; ji 43 2.06 113.30 
26 | Ammonium sulfate...) | 4'9! 5 20] 2.10] 1.92) 1.99] 94.08]103.69| 49.47/29.60 
27 : {| 5.3 1.85 98.05) 
2g | Dried blood..........-1| 69) 5.65| 2.55] 1.82] 1.84|109.2 |103.62] 49.40|29. 51 
29 fi 33 1.88 103.40 
30 | Cottonseed meal... ... 1| 5.3] 5.40] 2.30! 1.75] 1.82| 92.75] 98.07] 43.85|26.26 
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TABLE 14—(Continued) 
| 2 ¥ TOTAL | ik i 
ror | rear vasa | AVE] BE [RO] AYER’ | remo. | AYER" [CREASE CENT, 
| 4 | CHECK | ERED 
Sassafras loam (167 mgm. of nitrogen added) 
Limed 
grams | grams | grams per cent| percent mgm. mgm. | mgm. | 
31] Check 7.0 1.30) 91.00 
32 si ace bceiilaiaiihlad 6.4|' 6.70} 1.32) 1.31] 84.48] 87.74 
rd Ammonium phosphate { a 
35 Ammonium sulfate lost 
36 | **=* 1 112.00,12.00| 5.30) 1.44] 1.44/172.80,172.80] 85.06|50.93 
37 . {| lost 
3g | Dried blood.....-.---- {| 44 4]11.10] 4.40] 1.36] 1.36150.96/150.96| 63.22|37.85 
| er FBC 1.57 1141 * 
Si daesieeeeaaeniede | | 12.0)10.50] 3.80] 1.43) 1.50)171.60)156. 45] 68.71/41.14 
Norfolk sand (334 mgm. of nitrogen added) 
Unlimed 
ocak | 
41 (| 5.4 | 1.34 72.36 | 
tla tlc lana 1 4.5) 4.95 1.30] 1.32] 58.50] 65.43 
| a em | 1.53 255.51 | 
44 |* eg ei | | 15.1/15.90 10.95] 1.60 is ici ie aint Ve 
| | 
45 Ammonium sulfate 14.6) 1.78 so. | 
46 | * "9 | 18.5)16.55/11.60, 1.41 so ise jamin aa 
47 , f 13.5 1.53 p06. 5s | 
4g | Dried blood.........-- | 11'0/12.25) 7.30] 1.43 Lash S90 954 
49 15.0 1.36 204.00! 
50 | Cottonseed meal..... . { 16.5|15.75|10.80| 1.32 134/217 80/210 90|145.47|43.55 
Limed 
4 5.0 1.48 74.00] 
52 iis alates 5.8| 5.40 1.26] 1.37 73.08 73.54 
53 | ammonium phosphate {| 17-6/17-60)12.20) 1.51] 1.51}265.76)265. 76 192.22/57.55 
54 lost 
55 ; 17.7 1.47 260.19 
56 Ammonium sulfate.... { 18.7|18.20/12.80| 1.47| 1.47|274.89|267.54|194.00|58.08 
57 ; 13.3 1.72 228.76 
58 Dried blood........... { 16.9|15.10| 9.70] 1.32) 1.52/223.08)225.92|152.38/45.62 
59 13.7 1.58 216.46 
60 | Cottonseed meal...... { 13. 3|13.50| 8.10] 1.41] 1.50|187.53/201.99|128.45|38.46 
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TABLE 14—(Concluded) 
Sassafras loam (334 mgm. of nitrogen added) 


& 
an MM IN- PER 
<0 , OTAL : eee 
= TREATMENT sewn “TAPE EG) "oe “tar | | “ten” | oven eae 
Z = CHECK | ERED 
Unlimed 
grams | grams | grams percent| percent mgm. | mgm. | mgm. 
61 | Check 4.0 1.43 57.20) | 
ee res eee es 4.4] 4.20 1.43) 1.43] 62.92} 60.06 | 
5 EE 6 ae 2.16, _|110. 16] | | 
ital aia 7.3] 6.20) 2.00) 2.04| 2.10)148.92/129.54) 69.48/20. 80 
| | 
ia lit 7.2 | 1.81 130. 32| | | 
66 | “mmontum sullate---- 11 6.9] 7.05] 2.85] 1.85] 1.83/127.65|128.98} 68.92)20.63 
| 
fad 2? 2) | € € | 36 5 O7 
67 | Dried blood........... {| 9:7] 9-70} 5.50] 2.03) 2.03/196.91/196.91/136.85|40.97 
68 \ | lost | | 
OS ities 8.6 1.90 163.40! | 
lalate adeiceila 7.5] 8.05] 3.85] 2.09) 2.00156. 75]160.07|100.01/29.94 
| 4 Cee ae A De et 
Limed 
; | |126 ~~ | 65.521 fo 
71 5.2 | | 1.26} 65.52) | | 
Fe ert Say { 5.1] 5.15} | 1.30] 1.28] 66.30 65.91) 
| | | 
ae Ee Te = | | | | 
Ewe 1h) 1608S. Oe 9.75) — 1. 50/223 .50)223. 50/157. 5947.18 
| 
} | | | 
| ium sulfate... {| 18-5 | | 1.43] [264.55] | 
76 | Smmonmn SEEN 18. O18. 25/1310) 1.46 1 .45[262.80)263..67)197 76,59 21 
| | | | 
71 n: 14.5 || 1.64 237 . 80} | 
ieee { 16.1]15.30|10.15) 1.57) 1.61|252.77)245.28 179. 37/5 °.70 
: ‘ae ae | 
1OF 1 1.58} 1200. 66 
gp | Cottonseed meal...... {| 43'6l13.15| 8.00] 1-62) 1.60)220.32/210.49 144.58 43.29 


the relative recoveries of nitrogen with the four fertilizers are shown diagram- 
matically for both the Norfolk and Sassafras loam soils. In this case the 
results for the two different rates of application are shown separately. 

Referring to table 15 it will be noted that ammonium phosphate gave appre- 
ciably larger increases in dry matter on both the limed and unlimed Norfolk 
soil than did ammonium sulfate, and very much greater yields than the two 
organic fertilizers. On the Sassafras loam the crop yields are quite peculiar, 
ammonium phosphate giving more than twice the increases of ammonium 
sulfate in the absence of lime, while where lime is present there is a 32 per cent 
increase in favor of ammonium sulfate. 

The relative yields of dry matter are quite interesting when compared with 
the recoveries of nitrogen. In the presence of lime the fertilizers which gave 
the greatest increases in crop yields also gave the highest recoveries of nitro- 
gen, as might be expected, but when lime was absent the figures were some- 
what different, especially on the Sassafras loam. With ammonium phosphate 
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TABLE 15 


Comparative availability of various nitrogenous fertilizers in soil under greenhouse conditions. 
Summary—Six crops 


Increase in dry weights 
Norfolk sand 


UNLIMED LIMED 
MGM. OF 

NITROGEN APPLIED} Ammo- | Ammo- 

nlum nium 


. Ammo- Ammo- 
Dried Cotton- = ma ain Cotton- 


phosphate| sulfate | blood jseed meal} osohate| sulfate seed meal 


31.25 | 28.10} 16.06} 20.52} 33.90} 28.67 18.46 
62.92 | 52.81} 38.56} 41.45 | 65.41 | 58.77 38.50 


94.17 | 80.91 | 54.62] 61.97 | 99.31] 87.44 56.96 
100.00 | 85.90 | 58.00 | 65.80 100.00 | 88.00 57.30 
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Sassafras loam 


(gm)| 12.41 < 10.08 9.59 
1002 ....(gm)| 28.03 : 20.14 | 20.36} 33.23 


Total ...(gm)} 40.44 30.22 | 29.95 
74.70 | 74.60 | 100.00 


Percentage of nitrogen recovered 


Norfolk sand 


UNLIMED LIMED 
MGM. OF 


NITROGEN APPLIED} Ammo- | Ammo- Dried Cotton- | Ammo- | Ammo- Dried Patton: 
te “tree blood |seed meal], nium say blood |seed meal 
phosphate; sulfate phosphate| sulfate 


per cent per cent per cent per cent per cent per cent per cent per cent 
60.77 | 62.41} 41.30] 38.22] 65.41 59.42] 42.37) 36.21 
64.15 | 62.24| 40.76| 45.74] 73.19 | 64.64) 50.05 | 44.61 


Average nitro- 
genrecovery| 63.02] 62.30} 40.94] 43.23} 70.60| 61.47 | 47.66] 41.81 
Relative avail- 
ability 100.00 | 98.90] 64.90! 68.60} 100.00} 87.10} 67.50} 59.20 


Sassafras loam 


52.11 | 46.81 | 38.33 | 36.47 
51.02 | 53.71 | 49.97 | 41.69 


Average nitro- 
genrecovery| 51.38 51.41 46.09 39.95 
Relative avail- 
ability......} 100.00 | 100.10 | 89.70} 77.70 

? 


*Incomplete line not included in calculating ratios. 
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taken as 100, ammonium sulfate showed a relative crop yield of about 44 in 
one case and 47.6 in another. The yields from dried blood and cottonseed 


Relative increases in dry Relative recoveries of 
matter nitrogen 


Am. Ar. Dried C'seed An. Am. Dried C'seed 
pres. sulf. blood meal phos. sulf. blood meal 


Unlimed ( 501 mgm. N added ) 


N Vw 


Unlimed ( 1002 mgm. N added ) 


lag 


Limed ( 501 mgm. N added ) 


NINN 


lay 


Fic. 6. DIAGRAM SHOWING THE AVAILABILITY OF VARIOUS NITROGENOUS FERTILIZERS IN 
NorFOLK SAND 
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meal also were greater than those from ammonium sulfate, but not equal to 
those from ammonium phosphate. Of course the increases over the checks 
were quite small on this soil as compared with those on the Norfolk sand, but 
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nevertheless they are great enough to bring out strikingly that under very 
acid conditions ammonium sulfate may show a comparatively small crop, but 


Relative increases in dry Relative recoveries of 
matter nitrogen. 

Am. Am. Dried C'seed Am. Am. Dried C'seed 

phos. sulf. blood meal _ phos. sulf. blood meal 


Unlimed ( 501 mgm. N added ) 


sma | NNA 


Unlimed ( 1002 mgm. N added ) 


N is WA NN 


Limed ( 501 mgm. N added ) 


\ 
Pe | 
N 


Limed ( 1002 mgm N added ) 


Nag 


Fic. 7. DIAGRAM SHOWING THE AVAILABILITY OF VARIOUS NITROGENOUS FERTILIZERS IN 
SASSAFRAS LOAM 


on analysis a higher percentage recovery of nitrogen than other fertilizers. 
It will be remembered that this soil containeda high initial per cent of nitrogen. 
Many investigators have recorded the fact that the use of nitrogenous 
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fertilizers increases the content of nitrogen in the dry matter of plants and 
necessarily lowers the percentage of carbohydrates. Among these may be 
mentioned Lipman (21), Beseler and Maercher (1), Ritthausen and Pott (28) 
and Wagner (34). The latter investigator emphasized the ability of plants 
to produce large quantities of dry matter with a low nitrogen content when 
conditions are favorable or a small amount of dry matter with a high nitrogen 
content when there is an excess of available nitrogen present. The latter 
condition is quite common where a nitrogenous fertilizer is applied to a soil 
which is already rich in nitrogen. Adolph Mayer (24) found that while the 
application of readily-soluble nitrogen may increase the nitrogen content of 
the plant, there may not necessarily be an increase in protein nitrogen. In 
an experiment on the relation of lime to the availability of ammonium sul- 
fate, Cook and Allison (4) showed that, while the use of lime in connection 
with ammonium sulfate may greatly increase the crop yield, the analysis 
of the crop does not always show a higher recovery of nitrogen in such cases. 
Similar results to those reported in this thesis were obtained in many cases. 
While the writers mentioned have shown that the use of the readily available 
fertilizers, usually sodium nitrate, may increase the per cent of nitrogen in the 
crop, the enormous increase reported here seems to be wholly out of proportion. 
In another experiment, the results of which have not yet been published, the 
writer was able to grow small buckwheat plants in an acid loam soil for a few 
weeks in the presence of an unusually high percentage of ammonium sulfate, 
which on analysis showed 16 per cent of nitrogen, while plants grown in a 
similar soil in the absence of nitrogenous fertilizers showed 0.8 per cent of 
nitrogen. Evidently the nitrogen represented by this 2000 per cent increase 
over the check was not present in the plant as protein nitrogen. Whether 
the same results would have been obtained with ammonium phosphate is, of 
course, only a matter of conjecture, but the results reported in this thesis 
indicate that the ammonium phosphate would have behaved in a more normal 
manner. 

As an average of all the conditions, the recoveries of the nitrogen applied 
to the Norfolk sand were 65.88, 61.10, 43.74 and 41.19, respectively, for am- 
monium phosphate, ammonium sulfate, dried blood and cottonseed meal. 
The highest recovery in any case was 73.19 per cent on the limed soil. On 
the Sassafras loam the average recoveries were 48.46, 50.42, 42.51, and 36.49 
per cent for ammonium phosphate, ammonium sulfate, dried blood and cotton- 
seed meal, respectively, the highest being 53.71 per cent on an unlimed soil. 
In calculating these averages the incomplete set of figures for the smaller 
application of nitrogen on the limed soil are omitted. 

The question naturally arises, what has become of the remainder of the 
nitrogen applied? No analyses of the soils from the various pots were made 
to determine if there was more or less nitrogen at the end of the experiment 
than at the beginning, but this was scarcely necessary for the mere fact that 
plants would not grow in the pots after removing five crops is in itself sufficient 
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proof that the supply of nitrogen had decreased very markedly. Even if it 
were present in an unavailable form it would have soon been made available. 
Under greenhouse conditions ammonification and nitrification can proceed 
at a very rapid rate. In explaining the fact that under the most favorable 
conditions usually not more than 60 per cent of the nitrogen added is recovered 
in the crop the usual causes set forth have been leaching, fixation in the soil, 
loss as ammonia, and loss as nitrogen gas. The last two have not been em- 
phasized to any great extent because leaching and fixation by the zeolites and 
as proteins by the soil microérganisms seemed morte plausible. 

In this experiment leaching cannot be considered since the plants were 
grown in pots having no provision for drainage. The second explanation, 
namely, fixation, does not seem to be of importance, considering that five 
crops were grown and any nitrogen fixed in the soil, especially as protein, would 
probably have become available for the plants during the course of the experi- 
ment. The most logical conclusion, then, is that nitrogen escaped as free 
nitrogen gas or as ammonia. 

Among the many investigators who have made a study of the loss of am- 
monia from soils, the following may be mentioned. Hals (7) found that 
ammonia is lost from loamy soils rich in lime when small quantities of ammo- 
nium sulfate are added and the soil is exposed to windandsun. Wagner (35) 
attributes the lower efficiency of ammonium sulfate to be due to the escape 
of ammonia into the air. Kretschiner (13) states that ammonium sulfate 
should not be used as a top dressing with soils rich in lime. Schifer-Heide (30) 
observed that a high lime content and high temperature favored loss of 
ammonia, especially on light soils. Schreiber (31) conducted pot experiments 
with oats to determine the effect of calcium carbonate on ammonium sulfate 
and found that where ammonium sulfate was used as a top-dressing on soils 
rich in lime decided losses of ammonia occurred. Lemmermann (14) states 
that the danger of loss of ammonia is small provided the ammonium sulfate is 
thoroughly incorporated with the soil and the application does not follow 
liming too closely. Ehrenberg (5) states that loss of ammonia by volatiliza- 
tion is to be feared only in the case of sandy soils which are rich in calcium 
carbonate, contain little humus and are poor in zeolitic compounds. Even in 
such soils the loss is not appreciable except at high temperatures and in dry 
soils containing high contents of ammonia. Lemmerman (15) found that the 
addition of calcium carbonate to soil in pots reduces the volatilization of 
ammonium carbonate and increases the absorptive power of the soil for am- 
monia. Caustic lime exerted an opposite effect. 

Numerous studies on the loss of nitrogen gas from soils have been made 
but only a few references can be given in this discussion. The experiments of 
Immendorff (10) are significant in that they point to a loss of free nitrogen 
during the nitrification of ammonium salts. Wilfarth, Romer and Wimmer 
(36, p. 26) point out that there may be a volatilization of elementary nitrogen 
during respiration. Lipman and Blair (22) in a discussion of various phases 
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of the nitrogen problem, state that “there seems to be more or less justification 
for the assumption made by these investigators (Wilfarth, Rémer and Wim- 
mer) for it is quite possible that in the respiration processes there may be 
destruction, not only of the non-nitrogenous organic compounds, but also of 
nitrogenous organic compounds, like amino acids or their derivatives. At 
any rate it has been known for years (2) that there isa loss of nitrogen in the 
germination of seeds, and the analogy might well be extended to the plant 
after germination.”” The same investigators, commenting upon the lower 
availability of dried blood nitrogen as compared with ammonium sulfate 
nitrogen state that in the process of decay there are many stages where loss 
of elementary nitrogen, is liable to occur and the greater the resistance to 
decay the greater is the danger of loss. Also, in nitrification processes a por- 
tion of the nitrogen is set free. The loss with ammonium salts is slight but 
probably more appreciable with organic combinations. 

From the data reported in this paper, obtained with the use of ammonium 
phosphate, ammonium sulfate, dried blood and cottonseed meal, and in the 
light of previous work done by various investigators, the writer is inclined 
to attribute the failure to obtain a complete recovery of the nitrogen applied 
to the soil in the crops largely to a loss as ammonia or nitrogen gas. Half of 
the pots received an application of calcium carbonate, yet the recovery of 
nitrogen from these pots was usually larger than from the unlimed pots; 
therefore the presence of the lime cannot have been the primary cause of loss 
of nitrogen. Possibly calcium oxide would have caused a greater loss than 
occurred on the untreated soils. It would seem that either there is an appreci- 
able loss of ammonia from all soils, both sand and clay, even when kept moist 
and relatively free from air circulation, or else there is a loss as nitrogen gas 
from the soil by transpiration. While it has not yet been proved that nitro- 
gen is evolved from plants, there is plenty of evidence strongly indicating that 
such is the case. 


Effect of fertilizers on soil reaction 


At the end of a little over one year from the time the experiment on the 
comparative availability of various nitrogenous fertilizers had been started, 
and directly following the harvesting of the fifth crop, the lime requirement 
of the soils in all of the pots was determined. The samples of soil for these 
analyses were obtained by removing the 20 pounds of soil from the pots, 
thoroughly mixing and air-drying. The Veitch method for the determination 
of acidity was used throughout the work. The data are given in table 16, 
the results being omitted for pots 33, 35 and 37 which, it will be remembered, 
accidently received an extra application of fertilizer. In other cases fungi 
injured the crop, but the lime requirements are given regardless of this fact. 

In general, the results show that ammonium sulfate and ammonium phos- 
phate increase the acidity to a greater extent than dried blood or cottonseed 
meal. Usually ammonium sulfate caused a greater acidity than ammonium 


52 


Effect of fertilizers on soil reaction 


F. E. ALLISON 


TABL 


E 16 


% % = aa8 |eua| o pa [tOu 
2 | ge | 2 | ake |eHe| 5 JAR Fake 
a ; ig 
2 x 8 20 HO} Sm |esm, 
Norfolk sand 
Acid | Acid | Acid 
eo 0 | 162.39 400 | 3300 | 3700 
2 | Check.............. 0 | 142.70 400 | 3500 | 3900 | 3800 
3 | Ammonium _phos- 334 | 394.62) 91.92) 400 | 3900 | 4300 
4 | phate............. || 334 | 380.70/105.84 400 | 4100 | 4500 | 4400] 600 
5 334 | 360.74/125.80/ 400 | 4300 | 4700 
6 | Ammonium sulfate... { 334 | 410.66] 75.88| 400 | 4300 | 4700 | 4700} 900 
ae 334 | 314.26172.28} 400 | 3900 | 4300 
g | Dried blood......... { 334 | 310.61/175.93| 400 | 4000 | 4400 | 4350| 550 
9 334 | 302.00]184.54, 400 | 3300 | 3700 
10 Cottonseed meal..... { 334 | 282.80/203.74| 400 | 3500 | 3900 | 3800} 000 
Alkaline |Acid | Acid 
4 0 | 256.47 2240 | 900 | 3140 
1g | Check.............. 0 | 229.06 2240 | 1000 | 3240 | 3190 
13 | Ammonium phos- {| 334 | 484.06] 92.70| 2240 | 1000 | 3240 
Me MA cos. { 334 | 482.01| 94.75] 2240 | 1200 | 3440 | 3340| 150 
15 ; 334 | 446.88|129.88] 2240 | 1300 | 3540 
16 | Ammonium sulfate... { 334 | 439.23/137.53| 2240 | 1300 | 3540 | 3540| 350 
le, 334 | 393.16/183.60| 2240 | 900 | 3140 
ig | Deied blood......... { 334 | 416.41/160.35| 2240 | 1300 | 3540 | 3340| 150 
19 334 | 366.73/210.03} 2240 | 1500 | 3740 
20 Cottonseed meal..... { 334 | 358.73|218.02| 2240 | 1500 | 3740 | 3740| 550 
Sassafras loam 
Acid | Acid 
a 0 | 454.74 2800 | 6100 | 3300 
22 ssid cea ant ies 0 | 471.14 2800 | 6300 | 3500 | 3400 
23 | Ammonium _phos- 334 | 721.86] 75.08] 2800 | 5900 | 3100 
24 | phate............ 334 | 627.06/169.88| 2800 | 6500 | 3700 | 3400| 000 
25 ; 334 | 623.31/173.63| 2800 | 6200 | 3400 
26 | Ammonium sulfate... { 334 | 672.79124.15| 2800 | 6500 | 3700 | 3550| 150 
7 | 1. 334 | 561.90/235.04| 2800 | 6500 | 3700 
28 | Dried blood......... { 334 | 649.45|147.49| 2800 | 6300 | 3500 | 3600} 200 
29 334 | 615.50/181.44| 2800 | 6100 | 3300 
39 | Cottonseed meal .... { 334 | 588.15208.79| 2800 | 6100 | 3300 | 3300 | —100 
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a | a 2 | eae |aeg|a¢ [aa [a2ag 
2 | £2] = | Bes [e741 “a | “el bee 
= TREATMENT Ba ES : PE: eae ag egg Sank 
ie] 38 | 2 | e282 | gto] Be | Bee |aae 
g2| g# a 220 | a0] ga | 26a [sane 
Sassafras loam 
Alkaline | Acid 
31 | check rf} 0} 599.25 2240 | 1800 | 4040 
32 sie lal te alae \| 0 | 606.06 2240 | 1600 | 3840 | 3940 
33 | Ammonium _phos- 334 | lost 2240 | lost 
34 PBALC i. ci2i- s/o s!s079 334 | lost 2240 | 2300 | 4540 | 4540 600 
35 A . lfat 334 | lost 2240 | lost 
36 | ‘4mamonium sullate... ) | 334 | 838.99] 97.26, 2240 | 3300 | 5540 | 5540 | 1600 
37 : 334 | lost 2240 | lost 
3g | Dried blood......... { 334 | 784.931151.72| 2240 | 1700 | 3940 | 3940 | 0000 
Aer [| 334 | 712.98)223.67| 2240 | 1500 | 3740 
r+ 1 1 ae 742.82/193.88| 2240 | 1900 | 4140 | 3940 000 
Norfolk sand 
| | Acid | Acid | 
41 | Check 0 | 164.80) 400 | 3700 | 4100 
42 sisal 0 | 163.93 400 | 3900 | 4300 | 4200 
43 | Ammonium  phos- {| 66: | 624.29|208.07; 400 | 4800 | 5200 
44 1 RE eee 668 | 624.34/208.02) 400 | 4900 | 5300 | 5250 | 1050 
45 | 4 i ail 668 | 597.27|235.09| 400 | 5200 | 5600 
46 | ‘Ammonium sullate.. ) | 668 | 597.10/235.26| 400 | 4800 | 5200 | 5400 | 1200 
47 | Deed blood 668 | 443.38/388.98| 400 | 4400 | 4800 
2 00d. «+++ +++ 1 | 668 | 469.21/363.15} 400 | 4300 | 4700 | 4750} 550 
A 668 | 471.52/360.84| 400 | 3700 | 4100 
TF ice “+++ | 668 | 482.92/349.44/ 400 | 3700 | 4100 | 4100 | —100 
Alkaline| Acid 
51 | Check 0 | 216.88 2240 | 1300 | 3540 
52 Benn eT A PERE LNT 0 | 220.06 2240 | 1300 | 3540 | 3540 
53 | Ammonium phos- [| 668 | 761.85|124.62| 2240 | 1800 | 4040 
3 a ante 668 | lost 2240 | 1700 | 3940 | 3990} 450 
55 , 668 | 670.96)215.51| 2240 | 2100 | 4340 
56 | Ammonium sulfate... { 668 | 673.45/213.02) 2240 | 2200 | 4440 | 4390 | 850 
ae 668 | 569.69|316.78| 2240 | 1700 | 3940 
5g , Dried blood......... { 668 Ses. ae 2240 | 1700 | 3940 | 3940 | 400 
59 668 | 539.54|346.93} 2240 | 1700! 3940 
Cottonseed meal..... { 668 2240 | 1500 | 3740 | 3840 | 300 
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TABLE 16—(Concluded) 


% z ‘3 aaa |aual a 24 |2oux 
g | 82 | 2 | a8€ | #86) 8 | FS jFags 
site TREATMENT = Eg a Saf 26H a 8 a Peene 
NO. 28 zz 2 of 5 aS $< $<< sone 
3< = * =| a <0 <0 Ze Zoe 2888 
Sassafras loam 
Acid Acid 
Oh as {| 2 | 435.66 2280 | 6300 | 4020 
 T ecepenctehiahneeacaaniait i| 0 | 488.98 2280 | 6300 | 4020 | 4020 
63 | Ammonium __phos- f 668 | 923.11/207.21) 2280 | 6700 | 4420 
a1 Wee... || 668 | 885.18/245.14; 2280 | 6900 | 4620 4520 | 500 
65 ; 668 | 932.60|197.72| 2280 | 6400 | 4120 
66 | Ammontun sulfate... { 668 | 930.65/199.67| 2280 | 6600 | 4320 | 4220 | 200 
“ae™ (| 668 | 784.861345.46| 2280 | 6400 | 4120 
6g | Dried blood......... || 668 | lost 2280 | 6500 | 4220| 417)| 150 
a es ‘| 668 | 756.03/374.29| 2280 | 6400 | 4120 
70 | Cottonseed meal .... ) | 66g | g04.17/326.15| 2280 | 6600 | 4320 | 4220 | 200 
Alkaline| Acid 
eo 0 | 672.58 2240 | 1700 | 3940 
72 settee eee 0 | 865.99 2240 | 1700 | 3040 | 3940 
Alkaline| Acid 
73 | Ammonium phos- 668 | lost 2240 | 2500 | 4740 
ae 668 |1035.45/402.83| 2240 | 2600 | 4840 | 4790 | 850 
75 ' 668 |1089.51|347.77| 2240 | 2800 | 5040 
75 | Aemoeee sulfate... { 668 |1070.52/366.76| 2240 | 2800 | 5040 | 5040 | 1100 
“oe 668 | 974.27/463.01} 2240 | 1900 | 4140 
78 | Dried blood......... { 668 | 992.06/445.22| 2240 | 1700 | 3940 | 4040 | 100 
79 668 | 893.36|543.92| 2240 | 1700 | 3040 
gp | Cottonseed meal..... { 668 | 983.72/453.56| 2240 | 1800 | 4040 | 3990| 50 


phosphate. The two organic fertilizers showed very different behavior under 
different conditions. Sometimes dried blood showed a greater development 
of acid than cottonseed meal and again the reverse was true, or perhaps no 
acidity developed at all above that in the checks. 

Averaging the results of all determinations we find that the increase in 
lime requirement over the checks due to ammonium sulfate was 793.7 pounds 
of CaO, with ammonium phosphate 525 pounds, with dried blood 262.5 pounds, 
and with cottonseed meal 112.5 pounds. These results are about what would 
be expected and are in agreement with other work as far as ammonium sulfate 
and the organic forms of nitrogen are concerned. As far as the writer knows 
no data have been reported for ammonium phosphate. It is impossible in 
this paper to take up a discussion of the acidity work which has been carried 
out with the other fertilizers. 


STUDIES WITH AMMONIUM PHOSPHATE 55 


Comparative availability of the nitrogen in sodium nitrate, ‘‘Ammo-Phos,” 
water-soluble ‘“Ammo-Phos,” and water-insoluble ‘“Ammo-Phos” in 
sand cultures 


Ten-pound portions of very poor red sand were weighed out into pots and 
the various fertilizers added, including sodium nitrate, “Ammo-Phos,’’ and 
water-soluble and water insoluble “Ammo-Phos.” Enough of each of these 
was applied so that each treated pot contained 100 mgm. of nitrogen. All 
pots received 1 gm. of KCl and 10 gm. of calcium carbonate together with 
enough acid phosphate to make the total phosphorus equal to that in water- 
soluble “Ammo-Phos.” The dry weights of the buckwheat are given in table 
17. 

TABLE 17 
Availability of different portions of ““Ammo-Phos” 


| INCREASE 
TREATMENT YIELD AVERAGE OVEK 
CHECK 
grams grams | ia 
4.0 
RN eter eee ee Ee tart taxa dative erastaus ahtoaecatah seas) tecaner { 31 3.55 | 
“Ammo-Phos” 11.9 | é 
SAREEEETIUTE LIUS cc eet eee eee eee rere eee eeeseeereseereeese lost 14.90 | 11.35 
14.5 | 
u 73 ” Ar ) | 
Water-soltible “Ammo-Phos” «os. cc cc ccccceewese dese { 14.0 14.25 | 10.70 
Water-in oluble “Ammo-Phos” l | lost | 
ater-ins Amm erect Wenceslas 13.8 13.80 | 10.25 
aiaes i 15.0 
SSUNCET Dri] of 2 a On a { 13.5 14.25 | 10.70 


From table 17 it will be noticed that there was practically no difference in 
the availability of the various forms of nitrogen. For some unknown reason 
“Ammo-Phos” was slightly better than sodium nitrate and even better than 
the water-insoluble portion of “‘Ammo-Phos.”’ The water insoluble “Ammo- 
Phos” was nearly as good as the other forms of nitrogen, the difference being. 
practically within experimental error. 


General review and discussion of nitrogen availability experiments 


The pot experiments have shown rather definitely the availability of the 
ammonium phosphate fertilizer as compared with other common nitrogenous 
fertilizers. It has been brought out that in general the nitrogen in ammonium 
phosphate gives at least as good results as that in ammonium sulfate and 
often slightly higher yields under greenhouse conditions. In the one experi- 
ment in sand in the greenhouse, sodium nitrate produced about the same 
increase in yield as ammonium phosphate. It is to be regretted that sodium 
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nitrate was not also included in the greenhouse soils experiment, but by com- 
paring the results obtained when ammonium sulfate and the organic fertilizers 
were used, with the extensive experiments of other investigators, we gain a 
fair idea of the relative value of the nitrogen in ammonium phosphate as 
compared with that in the other common fertilizers. Since ammonium phos- 
phate gives at least as good results as ammonium sulfate, then by considering 
the latter in relation to sodium nitrate we can gain a fair idea of what could 
be expected if ammonium phosphate were directly compared with sodium 
nitrate. 

While it might be desirable to include a bibliography of the question of 
availability at this point, it is impossible co do so for want of space. However, 
the writer has reviewed the literature rather thoroughly and as a general 
summary it may be stated that nitrate nitrogen usually gives the best results, 
ammonia nitrogen ranks second, following by calcium cyanamid and the 
various organic fertilizers. The data reported in this paper are in general 
agreement with the average results of other investigators although, of course, 
ammonium phosphate was not included in their availability experiments. 

The work of the various research men has shown better results for sodium 
nitrate and ammonium sulfate than for the organic form of nitrogen, but 
there is wide disagreement when we come to contrast ammonium sulfate and 
sodium nitrate. Some crops were found to prefer ammonia and others nitrate, 
but the soil and weather conditions are just as important as the crop or more so. 
Almost invariably the value of ammonium sulfate was relatively higher in 
wet seasons, while sodium nitrate was more or less independent of moisture, 
within certain limits, of course. Lime also favors ammonia nitrogen because 
it allows nitrification to proceed more rapidly through its neutralization of the 
acids present. Usually early spring applications were more effective than 
later applications. Several writers have cautioned against the use of large 
amounts of ammonium salts. 

From the standpoint of ammonium phosphate any availability experiments 
which include ammonium sulfate are important since we can reasonably 
predict that the phosphate salt will behave in a similar manner to ammonium 
sulfate and acid phosphate. The data of this thesis for the most part sub- 
stantiate this assumption. Perhaps the salt will give slightly better results 
than ammonium sulfate because there is no sulfate radical left in the soil to 
increase the acidity. 


Comparative availability of various phosphate fertilizers in soil under greenhouse 
conditions 


The procedure followed for this experiment was practically a duplication 
of that used in the nitrogen availability experiment reported in tables 7 to 15, 
except that phosphorus was the limiting factor instead of nitrogen. The 
same soils, namely, Norfolk sand and Sassafras loam were chosen. The pots 
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held only 10 pounds of soil. The fertilizers applied in addition to ammonium 
phosphate were acid phosphate (17.82 per cent P.O;), basic slag (19.04 per 
cent P.O;) and Tennessee raw rock phosphate (31.41 per cent P,O;). The 
rates of application weré 0.5 gm. of acid phosphate to one-half of the pots and 
1.0 gm. to the remainder, equivalent amounts of phosphorus being added 
for all treatments. Each pot received 1.3 gm. of potassium chloride. Three 
grams of ammonium sulfate also were added to all except the ammonium 
phosphate pots, in which case allowance was made for the nitrogen in the 
fertilizer. Half of the pots were limed and half left unlimed, as was done in 
the previous availability experiment. Three crops of buckwheat were grown 
in all of the pots but only one application of fertilizer was made. The dry 
weights of the plants are given in table 18 together with the average results 
for the three crcps. 

It will be noticed from the table that a few of the duplicate determinations 
do not agree as closely as might be desired. This is largely explained by the 
fact that the seed on these pots was not as good as it should have been. A 
few pots did not have as many plants as the others and consequently did not 
show quite as large a yield as would otherwise have been the case. However, 
it will be observed that usually when the yield of the first crop was low the 
yields for the next two crops tend to even up the differences and the final 
averages show reasonably close agreement for the duplicate pots. On the 
unlimed Sassafras loam the agreement between the duplicate treatments was 
not always close but this was due to the high acidity of the soil. When the 
fertilizers were added the increased amount of soluble salts applied only 
served to increase further the injury of the acids already present. Some of the 
plants on these pots were dead when harvested. None of the increases over 
the checks were very large, and for this reason it is impossible to draw any 
sharp distinctions in the availability of the phosphorus of the different 
fertilizers. The soils themselves contained practically all of that element 
needed for ordinary crop growth. 

The unlimed Norfolk sand at the lower rate of application showed practi- 
cally no difference in the availability of the phosphorus in ammonium phos- 
phate, acid phosphate and basic slag. The yield from raw rock phosphate was 
slightly below the others. At the higher rate of application on this soil the 
yields were less than with the smaller amount of phosphorus present. Doubt- 
less the higher concentraticn of salts in these pots was injurious. 

Where lime was added to the Norfolk sand the yields were much larger 
than in the absence of lime, but the effect of the various phosphorus-contain- 
ing fertilizers is negligible in this case. They probably increased the availa- 
bility of the phosphorus in the soil. In some cases the addition of the fer- 
tilizers actually decreased the yield slightly, but the differences are within 
experimental error. 

On the unlimed Sassafras loam at the lower rate of application acid phos- 
phate showed the highest availability, ammonium phosphate second, and the 
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TABLE 18 
Availability of phosphate fertilizers under greenhouse conditions 


| FIRST CROP SECOND CROP THIRD CROP | AVERAGE 
TREATMENT | In- 
Weight = Weight = Weight | yes hig yy “over 
chec. 
Norfolk sand (86.1 mgm. of P20; added) 
Unlimed 
aa grams grams grams grams grams | grams grams grams grams 
Check [| 23.6 8.5 1.3 | 33.4 
sisi 2 ak eae || 22.2 | 22.90] 3.1] 5.80} 1.2 | 1.25 | 26.5 | 29.95 
A on 30.0 8.8 2.5 41.3 
Ammonium phosphate 1 | 26.4 | 28.20] 7.4 | 8.10! 1.6 | 2.05 | 35.4 | 38.35} 8.40 
' (| 25.0 10.0 1.2 36.2 
Acid phosphate. . .. .. . 1 | 25.5 | 25.25] 14.0 | 12.00, 1.4 | 1.30 | 40.9 | 38.55) 8.60 
or {| 26.0 | 11.5 1.5 39.0 
oo he aa || 20.4 | 23.20] 14.2 | 12.85) 1.4 | 1.45 | 35.6 | 37.30) 7.35 
3 12.3 1.4 35.2 
Raw rock phosphate... { 27.6 | 24.55] 5.8 | 9.05| 2.5 | 1.95 | 35.9 | 35.55] 5.60 
Limed 
_— { 19.5 24.9 2.0 46.4 
vy ciceinitiihc a aiataa || 20.1 | 19.80} 19.2 | 22.05] 6.9 | 4.45 | 46.2 | 46.30 
A bie aiaee ) ae 11.8 4.0 42.8 
mmonium phosphate 1)! 26.7 | 26.85] 10.3 | 11.05] 3.8] 3.90 | 40.8 | 41.80/—4.50 
; 25.0 17.0 2.0 44.0 
Acid phosphate. ...... { 24.5 24.751 20.2 | 18.60, 1.8| 1.90 | 46.5 | 45.25|—1.05 
ee | 26.4 | 15.7 2:3 44.4 
titi enn | 23.70, 23.0 | 19.35] 1.6 | 1.95 | 45.6 | 45.00|—1.30 
. sateeienn {| 28-5 21.0 4.7 | 54.2 
ee tt ee | ae 0.7 POE 88-1 3.28 | 42.2 | 48.20} 1.90 
Sassafras loam (86.1 mgm. of P20; added) 
Unlimed 
and ie | 
. 6.0 5.0 22 13.2 
Check............... {1413 8.65 $.0 125 1.9 | 2.05 | 16.7 | 14.95 
eee ieee ane. 1) MEF | 6.0 | : 24 20.8 
ieee eee ie 14.54 4.7} 5.35} 1.9 | 2.00] 22.9 | 21.85] 6.90 
| 
_ f| 18.0 | 6.0 | : 2 25.7 
ss sai nies gone \| 17.0 | 17.50) 5.9 | 5.95, 1.8 | 1.75 | 24.7 | 25.20| 10.25 
| | 
aici {| 5.5 | 8.4] | 2.6 16.5 
sh tlc || 14.0 9.75) 5.4 | sae 1.5 | 2.05 | 20.9 | 18.70) 3.75 
| | 
a | 4.0 1.3 19.3 
ee hE ae 11.80, 4.0 | 4.00, 2.1) 1.70 | 15.7 | 17.50) 2.55 


STUDIES WITH AMMONIUM PHOSPHATE 


TABLE 18—(Continued) 


59 


FIRST CROP SECOND CROP THIRD CROP AVERAGE 
TREATMENT In- 
Weight | AYe | Weight Aver- lweight | Aver |Weight | Aver | crease 
# check 
Limed 
grams grams grams grams grams grams grams grams grams 
ore 13.8 9.5 6.9 30.2 
esa cadnagives’ 12.4| 13.10) 7.1| 8.30) 6.5 | 6.70 | 26.0| 28.10 
' 15.0 14.5 8.1 37.6 
Ammonium phosphate { 19.2 | 17.0 | 14.5 | 14.50) 6.9 | 7.50 | 40.6 | 39.10) 11.00 
16.0 15.4 9.1 40.5 
Acid phosphate... . . { 16.5 | 16.25| 15.1 | 15.25} 7.1 | 8.10 | 38.7 | 39.60] 11.50 
iit f| 16.0 17.7 6.7 40.4 
sich ae {| 11.2 | 13.60] 23.4 | 20.55 6.9 | 6.80 | 41.5 | 40.95) 12.85 
; 10.4 16.0 7.5 33.9 | 
Raw rock phosphate... { 7:8 | 9.10] 15.6 | 15.80] 7.3 | 7.40 | 30.7 | 32.30) 4.20 
Norfolk sand (172.2 mgm. of P2O; added) 
Unlimed 
we | | 
' (| 23.6 8.5 1.3 33.4 | 
Rss a esennent {| 22.2 _ 3.1] 5.80; 1.2] 1.25 | 26.5 | 29.95 
| | 
Ammonium phosphate es oo ae | 
, aiid 21.7 | 24.25] 13.1 | 9.80} 1.1) 1.30] 35.9 | 35.35] 5.40 
23.6 10.6 1.8 36.0 | 
Acid phosphate. .. .. .. { 21.0 | 22.30; 9.0| 9.80! 1.0| 1.40} 31.0| 33.50) 3.55 
pe 21.4 5.7 1.5 28.6 
ial al a 21.3 | 21.35) 13.6 | 9.65] 1.5 | 1.50 | 36.4 | 32.50) 2.55 
f| 19.5 16.8 2.5 38.8 
Raw rock phosphate...) | 46 °5 | 18.00] 13.0] 9.90] 2.5| 2.50 32.0] 35.4] 5.45 
Limed 
ia 19.5 24.9 2.0 46.4 
bated ety rete { 20.1 | 19.80] 19.2 | 22.05} 6.9| 4.45 | 46.2 | 46.30 
; 18.4 25.3 2.2 45.9 
Ammonium phosphate. { 22.5 | 20.45] 22.0 | 23.65] 2.5 | 2.35 | 47.0 | 46.45] 0.15 
, 23.2 18.9 5.3 47.4 
Acid phosphate... ..... { 15.4 | 19.30] 25.7| 22.30] 3.9 | 4.60 | 45.0 | 46.20|—0.10 
iid 22.5 24.5 2.5 49.5 
ine en 2 ES 18.5 | 20.50} 23.9 | 24.20} 2.2 | 2.35 | 44.6 | 47.05] 0.75 
ieee dian 16.0 21.2 3.0 40.2 
aw roe Pnospore \| 44.2 | 15.10] 25.7 | 23.45] 6.0 | 4.50 | 45.9 | 43.05|—3.25 
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TABLE 18—(Concluded) 


FIRST CROP SECOND. CROP THIRD CROP AVERAGE 
TREATMENT In- 
Weight -_ Weight = Weight pa Weight — — 
check 
Sassafras loam (172.2 mgm. of P20; added) 
Unlimed ; 
grams | grams | grams | grams | grams | grams | grams | grams | grams 
Check { 6.0 5.0 2.2 13.2 
aa aa aa 1} 11.3] 8.65) 3.5] 4.25) 1.9] 2.05 | 16.7 | 14.95 
. Oe Ge 15.4 1.7 27.1 
a 9.8/ 9.90} 9.4] 12.40} 1.3 | 1.50] 20.5 | 23.8] 8.85 
‘dik iii 20.7 5.5 2.6 28.8 
ne es s+ 59s 16.8 | 18.75} 8.9 | 7.20} 1.4] 2.00} 27.1 | 27.95} 13.00 
— 9.6 13.0 1.3 23.9 
siti chattels 13.9 | 11.25} 12.0 | 12.50} 1.9 | 1.60 | 27.8 | 25.85] 10.90 
15.0 3.7 1.2 19.9 
Raw rock phosphate... { 10.6 | 12.80] 5.8| 4.75] 1.5| 1.35] 17.9 | 18.9] 3.95 
Limed 
Check 13.8 9.5 6.9 30.2 
al lala tae 12.4 | 13.10} 7.1] 8.30] 6.5 | 6.70 | 26.0 | 28.10 
Ammonium phosphate 14.1 17.7 8.2 40.0 
aes phosphate. 11 14.3 | 14.20] 23.9 | 20.80] 6.5 | 7.35 | 44.7 | 42.35] 14.25 
biiliaiiitians 14.8 18.6 | 39.1 
gt os 14.0 | 14.40) 23.2 | 20.90} 5.8 | 5.75 | 43.0 | 41.05] 12.95 
a 10.0 17.0 8.2 35.2 
si cial ahd 12.6 | 11.30) 20.4 | 18.70} 5.9 | 7.05 | 38.9 | 37.05] 8.95 
, 9.8 14.1 6.8 30.7 
Raw rock phosphate... { 10.5 | 10.15] 14.2 | 14.15) 8.0 | 7.40 | 32.7 | 31.70| 3.60 


other two fertilizers third and fourth. With larger amounts of phosphorus 
present the order of availability was acid phosphate, basic slag, ammonium 
phosphate and raw rock phosphate. As previously stated, the high acidity 
in these pots greatly injured the plants. The results indicate that acid phos- 
phate, as has been previously shown, does not increase the acidity and hence 
gives comparatively good results in this acid soil. Basic slag is also beneficial 
for the same reason. Ammonium phosphate has been shown to increase the 
acidity somewhat and hence shows a lower availability than acid phosphate. 
On the other hand, in the presence of lime the availability of ammonium 
phosphate and acid phosphate was practically the same with both rates of 
application. In one case basic slag was slightly superior to all the other 
fertilizers, and in the other it was not quite as good as ammonium phosphate 
or acid phosphate. The sample of basic slag used in this experiment had 
been used in previous pot experiments at the New Jersey Agricultural Experi- 
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ment Station and had shown exceptionally good results. No doubt the 
ordinary commercial basic slag would have shown lower results than are here 
recorded. Raw rock phosphate proved to be relatively unavailable, as has 
been repeatedly shown. 

In general, this experiment indicates that on the basis of the phosphorous 
present, ammonium phosphate is of the same availability as acid phosphate. 
If the soil is acid and low in phosphorus the ad-lition of ground limestone will 
probably increase the availability of ammonium phosphate, but if the soil is 
acid and high in phosphorus the availability may be actually decreased, or 
apparently so, by making conditions favorable for the utilization of the 
phosphorus already in the soil rather than that added. 


TABLE 19 


Availability of phosphate fertilizers in quartz sand 


SECOND 
rears | ee | SSS | eee | SS, 
grams grams grams grams grams 
: f 2.8 Zot 4.9 
Check eee eee eee ee eee eee eee eeeene \ 3 0 2.6 5.6 5 25 
. S 13.0 20 1525 
Ammonium phosphate............ 1 12.4 25 14.9 15.20 9.95 
. if 13.0 2.0 15.0 
Acid phosphate eee ccereccesseesn \ 12.0 2.5 14.5 14.75 9.50 
J 5.0 Kee. 8.3 
Raw rock phosphate.............. \| 35 29 84 8.35 3.10 


Comparative availability of various phosphate fertilizers in quartz sand under 
greenhouse conditions 


For this experiment 10-pound portions of quartz sand were weighed out 
into pots and 1 gm. of KeSO,, 0.3 gm. of MgSOu, 0.15 gm. of Fe2(SOx)3 and 5 gm. 
of CaCO; added to each in addition to phosphorus in the form of ammonium 
phosphate, acid phosphate or raw rock phosphate. In each case the amount 
of phosphorus present was equivalent to that in 2 gm. of acid phosphate. 
The acid phosphate analyzed 15 per cent P.O; and the raw rock phosphate 
31.41 per cent. All pots except those containing ammonium phosphate 
received 1.3 gm. of ammonium sulfate; in the latter case allowance was made 
for the nitrogen present in the fertilizer. Two crops of buckwheat were 
grown following the one application of fertilizers. The dry weights of the 
plants are given in table 19. 

From the results of the experiment in quartz sand we may say that there 
is practically no difference between the fertilizing value of phosphorus in 
ammonium phosphate and that in acid phosphate. The slight difference 
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noted here is in favor of ammonium phosphate. Raw rock phosphate is 
about one-third as efficient as the other two fertilizers. 


GERMINATION TESTS 


While the experiments reported above had not indicated that ammonium 
phosphate would injure the growth of young plants it seemed desirable to 
make some direct tests to determine what crops are most easily injured by 
high concentrations of the salt; also how much can be safely applied to various 
soil types; the relative toxicity as compared with other common nitrogenous 
fertilizers; and finally, methods of application and general treatment that 
will lessen the injurious effect of a given application or enable larger applica- 
tions to be made safely. Knowing the composition and method of preparation 
of the commercial ammonium phosphate it did not seem likely that it would 


TABLE 20 


Effect of ammonium phosphate on germination in a loam soil. Percentage germination 


“a a WHEAT COWPEAS hostel RAPE BARLEY OATS CORN VETCH 
grams 
0.000 78.5 100.0} 100.0} 100.0} 100.0} 100.0} 100.0} 80.0 
0.025 71.4 75.0 | 100.0 85.7 100.0 85.7} 100.0} 50.0 
0.050 64.3 62.5 | 100.0 92.9 85.7 | 100.0} 100.0} 60.0 
0.100 85.7 87.5 90.0 71.4} 100.0 78.5 | 100.0 | 60.0 
0.250 78.5 50.0 | 100.0}; 100.0 92.9; 100.0} 100.0; 50.0 
0.500 71.4 50.0} 100.0 92.9 92.9} 100.0} 100.0} 70.0 
1.000 78.5 50.0 | 100.0 85.7 85.7 100.0 | 100.0 | 70.0 
2.500 92.9 50.0 90.0 64.3} 100.0}; 100.0} 100.0}; 70.0 
5.000 64.3 0.0; 100.0 7.1 85.7 92.9} 100.0} 10.0 


produce any greater injury than the pure mono-ammonium phosphate salt. 
That this assumption was found to be correct is shown by data given later, 
therefore, even though the commercial ammonium phosphate was used through- 
out the germination tests, it may be safely assumed that practically the same 
results would have been obtained with the pure salt. 

The method adopted in the experimental work was to weigh out into tum- 
blers 200 gm. of soil, in some cases moist and in other cases air-dried. The 
fertilizer was either mixed with the entire 200 gm. of soil or applied in a layer 
at some portion of the soil mass, frequently in direct contact with the seeds. 
The experiments were carried out at room temperature and at optimum 
moisture content for the various soils used. The details of the procedure 
used for each of the different experiments are given as these are discussed. 
The germination tests were always carried out in duplicate, with the exception 
of the first experiment, but for the purpose of conserving space only the aver- 
ages are given in the following tables. 
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Effect of ammonium phosphate in various concentrations on different crops in a 
loam soil 


This experiment was intended to serve merely as a preliminary trial to 
determine the approximate concentration required to injure the germination 
of various seeds. Moist loam soil was obtained directly from the field and 
weighed out in 200-gm. portions into tumblers. The fertilizer was mixed 
with the entire sample of soil. In the case of corn and cowpeas eight seeds 
were planted per tumbler, ten of buckwheat and vetch and fourteen of all 
the remainder. The results are given in table 20 in terms of percentage 
germination. 

It will be noticed that the results are somewhat erratic, in many cases due 
to lack of duplicate tumblers for each rate of application, the small number of 
seeds used, and in some cases the poor vitality of the seeds. The results as a 
whole, however, do establish in a general way the point at which toxic effects 
on germination begin to show. These toxic points, as shown by the figures, 
agreed rather closely with the actual appearance of the plants. 

When the plants were older some of them began to die, even in concentrations 
below 1000 mgm. At the end of three weeks the cowpeas were dying in the 
500-mgm. tumbler, buckwheat in the 250-mgm. tumbler, and corn in the 
500-mgm. tumbler. There is but little doubt that the greatest injury of the 
fertilizer applied under field conditions would not be to germination, itself, 
but rather to the young plants after they are a few inches in height. 


Effect of ammonium phosphate, ammonium sulfate, and acid phosphate on corn, 
wheat, and soybeans in a loam soil 


This experiment was carried out in the same manner as the one previously 
discussed except that an air-dried Penn loam soil was used and 12 seeds planted 
in each tumbler. The fertilizer was thoroughly mixed with the entire 200 
gm. of soil. The corn was cut 30 days and the wheat and soybeans 40 days, 
after the time of planting, and the weight taken. In the case of ammonium 
sulfate the same amount of nitrogen was appliedasin the ammonium phosphate 
tumblers. Likewise, the acid phosphate applications were based on the 
amount of phosphoric acid in the ammonium phosphate. In another series 
of tumblers the acid phosphate and ammonium sulfate were combined, giving 
a mixture with the same amount of nitrogen and phosphorus as is present in 
ammonium phosphate. The summarized results are given in table 21, and 
a portion of the data shown diagrammatically in figure 8. 

A glance at the figures shows that the diminution in the yield of green matter 
was rather gradual as the applications of the two fertilizers, ammonium phos- 
phate and ammonium sulfate, increased. At the lower rates of application 
there was a stimulation in the growth of corn and wheat due to the plant-food 
added, and then at higher concentrations the decline was gradual, many 
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of the plants having died before harvesting. Acid phosphate showed a marked 
stimulation up to amounts equivalent to 4 gm. of ammonium phosphate per 
tumbler, and then a sudden drop. Where acid phosphate and ammonium 


TABLE 


21 


Effect of fertilizers on the germination and early growth of corn, wheat and soybeans ina loam soil 


TREATMENT (GM.) 


AVERAGE GERMINATION 


AVERAGE WEIGHT 


Corn | Wheat ha. Corn | Wheat hone Al 

percent | percent | percent| grams | grams | grams 

GER eee en cea op chienieany sae ane 100.0) 95.8). 95.8} 6.9 | 0.58 | 11.5 
Ammonium phosphate 0.250................. 100.0} 95.8} 100.0; 7.5 | 0.89} 9.6 
Ammonium phosphate 0.500................. 100.0} 83.3} 95.8) 8.6|0.90| 9.1 
Ammonium phosphate 1.000................. 100.0} 91.7) 54.2) 7.3 | 0.94] 2.3 
Ammonium phosphate 2.000................. 100.0) 87.5) 95.8) 5.2 | 0.92] 3.2 
Ammonium phosphate 3.000................. 95.8) 66.6) 33.3) 4.6 | 0.60] 0.2 
Ammonium phosphate 4.000................. 100.0} 91.7] 45.8} 2.8]0.44|] 0.0 
Ammonium phosphate 5.000................. 95.8} 83.3} 45.8) 2.8] 0.24] 0.0 
Aramonmm sulfate'O.131)..;. 2... 6. cv. cs eos oie 100.0} 95.8} 95.8) 9.0 | 1.00} 10.5 
Ammontmm sulfate 0.263... 2.2... 2.65.20) 100.0) 95.8) 100.0) 8.7 | 0.95 | 9.3 
PImENoAIN SwINtS 0 LS26., 5.5.5 - 656 oss ond 100.0} 91.7} 95.8} 7.6|0.91 | 8.7 
Atmmonimim sultate 1051... 6.0.6.5. ose ss ee 100.0} 100.0} 83.3) 6.0} 1.02] 6.6 
Ammonium sulfate 1.577 50... 6220000600. 4140050) 7520) 37.5) 5-6 10:63 | 1.1 
Ammonium sulfate 2.102.................... 95.8] 79.2) 37.5) 3.2] 0.46] 0.0 
Ammonium sulfate 2.628.................... 100.0} 62.5] 25.0) 2.4] 0.14] 0.0 
Ammonium sulfate 0.131-++acidphosphate 0.719} 100.0) 100.0) 91.7) 8.9) 1.24] 8.1 
Ammonium sulfate 0.263+-acidphosphate 1.438] 100.0} 91.7} 83.3) 7.5 | 0.88 | 8.3 
Ammonium sulfate 0.526+-acid phosphate 2.875] 100.0} 87.5] 100.0} 6.8 | 0.80 | 9.2 
Ammonium sulfate 1.051+-acidphosphate 5.750} 95.8} 95.8} 83.3) 4.6 | 0.93 3.6 
Ammonium sulfate 1.577-++acid phosphate 8.625) 100.0} 100.0} 45.8) 4.3 | 0.38 | 0.0 
Ammonium sulfate 2.102+-acid phosphate 11.501] 95.8} 100.0} 41.6) 2.7 | 0.26} 0.0 
Ammonium sulfate 2.628 +-acid phosphate 14.386] 95.8} 87.5} 25.0) 1.7 | 0.15 | 0.0 
ea MIRED OWED. 25.56. cae ne eqaae asus 100.0} 100.0) 87.5) 7.41.13 | 8.2 
vel Uo OT |: a i ee 100.0} 95.8} 83.3) 8.1] 1.19} 8.5 
TS ESTOS A eee ee 100.0) 91.7; 79.2) 7.6) 1.03 | 9.6 
PARNG MAREE 9 FOO oo. x Siow be nie wn wind 100.0} 79.2} 91.7; 7.4] 1.07 | 8.6 
PRA RIMINTE B29 555 ssi s nies es sane 100.0} 95.8) 83.3) 6.4] 1.18 | 7.8 
eh oo re be. |) Oi re 25.0} 16.6) 8.3} 0.2|0.00| 0.0 
Acad phosphate 14°386...:.. 2... 5c. 0.0) 8.3) 4.2} 0.0) 0.00} 0.0 


sulfate were used together the growth more nearly corresponded to that of 
ammonium phosphate or ammonium sulfate when used alone. The results 
with soybeans showed the same trend, except as already stated, the fertilizers 
were much more toxic and showed less tendency to stimulate. 


In general, 


| 
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ammonium phosphate is slightly less toxic than ammonium sulfate 
used in combination with acid phosphate for corn and wheat and more 
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Fic. 8. DIAGRAM SHOWING THE EFEECT OF FERTILIZERS ON THE EARLY GROWTH OF PLANTS 
IN A Loam Sor. 


(Figures represent grams of ammonium phosphate. Ammonium sulfate applications 
contained equivalent amounts of nitrogen.) 


toxic than ammonium sulfate used singly. For soybeans ammonium 
phosphate was more toxic than ammonium sulfate alone or in combination 
with acid phosphate. 
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TABLE 22 


Effect of various nitrogenous fertilizers, alone and in combination, on the germination and growth 
of corn in a limed and an unlimed loam soil 
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Effect of various nitrogen fertilizers alone and in combination on germination and 
plant growth in a limed and an unlimed loam soil 


Since the experiment reported in table 21 had indicated that perhaps the 
injurious effects of fertilizers at high concentrations when applied alone may 


Limed 


ft Unlimed 


- IO . 


Ammonium phosphate 
—————" Am. Sulf. & Ac. phosphate 
aaa Sodium nitrate & Ac. phos. 


0 56 111 223 334 446 557 
Mgm. N per 200 gm. of soil. 


Fic. 9. DIAGRAM SHOWING THE EFFECT OF EXCESSIVE QUANTITIES OF NITROGENOUS 
FERTILIZERS ON THE EARLY GROWTH OF CORN 


be greater than when used in combinations, the experiment reported below 
was planned. Half of the tumblers received 3 gm. of ground limestone each, 
while the remainder were left unlimed. Ten seeds were planted in each tum- 
bler after mixing the fertilizer with the 200 gm. of soil. The yield of the corn 
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crop as well as the percentage of germination is given in table 22, and shown 
diagrammatically in figures 9 and 10. 

From the data presented in table 22 it may be stated that on limed soil 
ammonium phosphate and the equivalent mixture of acid phosphate and 


Limed 


- 10 gm- crop 


- 10 


Am. phos. & Am. sulf. 
——— — An. sulf. & Ao. phos. 


-------— Am. phos. & Sod, nitrate. 


) Ill 223 44 669 892 IIT5 


igm. N per 200 gm. of soil. 


Fic. 10. DiaGRAM SHOWING THE EFFECT OF VARIOUS COMBINATIONS OF NITROGENOUS 
FERTILIZERS ON THE EARLY GROWTH OF CORN 


ammonium sulfate produced equal effects. There was no great difference in 
the results where ammonium sulfate was used alone or in combination with 
acid phosphate. On unlimed soil ammonium phosphate was slightly less 
toxic than the equivalent mixture of ammonium sulfate and acid phosphate. 
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On both limed and unlimed soil ammonium phosphate in combination with 
ammonium sulfate was less toxic than the same amount of nitrogen and 


phosphorus in the form of ammonium sulfate and acid phosphate. On 
limed soil sodium nitrate was more toxic than either ammonium phosphate or 
TABLE 23 
Relation of type of soil to the injurious effects of fertilizers on the germination of corn 
0 28 56 112 | 223 335 446 558 
TREATMENT wirzo-| witeo-| wrreo-| Nrrro- { wrrRo- | wrrRo- | NITRO-| NITRO- 
GEN GEN GEN GEN GEN GEN GEN GEN 
Clay 
eae « ol | 
Germination (per cent)| 95.8 | 
Check. { Weight (gram) se | 
Ammonium Germination | 100.0) 95.8} 91.7] 100.0} 87.5] 100.0] 87.5 
phosphate..... Weight | 6.9 6.9) 7.0) 4.2 2.8} 3.2) 2.3 
| 
Ammonium Germination | 95.8) 91.7} 95.8} 83.3} 95.8) 91.7} 87.5 
MAE. . 2.4... | Weight } 6.1) 6.2) 4.8) 2.4 2.3) 1.7) 1.0 
Silt loam 
j ar) 

( Germination} 95.8) | 
6150 Saar ere { Weight =o) | | | 
Ammonium Germination 87.5| 100.0 95.8} 95.8| 91.7] 91.7) 79.2 

phosphate .... | Weight Sus] 4.2) «6.7 «66 | SS) | 2 P19 
Ammonium Germination 95.8) 91.7} 95.8! 91.7) 100.0} 91.7] 87.5 
sulfate........ Weight Te 75 7m S.A 4.5] 3.5} 3.0 
— iS ——E 
Sandy loam 

Germination} 95.8 

Check........... { Wahe oe 
Ammonium Germination 83.3} 87.5} 100.0} 87.5) 87.5) 95.8] 87.5 
phosphate..... Weight 4.81 4.2) 3.0) 0.9) 0.5} 0.0; 0.0 
Ammonium Germination 95.8} 95.8)-100.0) 91.7) 91.7) 29.1} 54.2 
SUALE 6.6.6 00504 Weight 5.5| 4.6} 2.9| 1.0) 0. 0.0} 0.0 

Sand 

= f Germination} 100.0 | 
Check yee rr eh \ Weight 6.2 | | 
Ammonium { Germination 91.7; 95.8} 91.7| 33.3] 12.4) 4.2) 0.0 

phosphate...... | Weight 4.8! 1.0, 0.5; 0.0 0.0) = 0.0 
Ammonium { Germination | 100.0} 95.8) 83.3} 66.6 25.0) 20.8} 8.3 
BUNGALE oie ic acc | Weight. | 5.5 1.6 1.0) 0.0 0.0) 0.0; 0.0 


ammonium sulfate with acid phosphate. 


On unlimed soil sodium nitrate 
with acid phosphate was more toxic than ammonium phosphate, but ammon- 
ium phosphate plus sodium nitrate had practically the same effect as ammon- 
ium phosphate plus ammonium sulfate. 
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Relation of type of soil to the germination of corn in the presence of excessive 
quantities of fertilizers 


The germination work reported in the preceding pages had shown, in a 
rough way, that the heavier the soil the larger is the amount of fertilizer 
required to affect germination. In order to have a direct comparison between 
soils, four types were chosen, namely, clay, silt loam, sandy loam and sand. 
This experiment was carried out in the same manner as those previously 
discussed, using 200 gm. of air-dried soil and planting 12 kernels of corn per 
tumbler. The counts were made on the ninth day and the crop harvested and 
weighed green on the sixteenth day. The results are given in table 23. 

The results show very strikingly that very much larger applications of 
either ammonium phosphate or ammonium sulfate are required for the heavier 
soils than for the lighter ones to produce a marked injury. Applications which 
entirely prevented the growth of corn in the sandy soil produced only aslight 
injury in the clay and silt loam soils. It should be stated thatthe results 
obtained for the clay in comparison with the silt loam may be somewhat 
misleading. Clay, being the heavier soil, would be expected to require more 
fertilizer to produce an injury and this would probably be true for most clay 
soils, but the soil used in this experiment was very granular and perhaps we 
might say cloddy, so that even after sieving through a coarse sieve the soil 
was quite loose and behaved as a coarser soil. On the other hand, the silt 
loam was very fine and exceedingly compact when moistened. 

In general, it will be noticed that the injury produced by a given amount of 
nitrogen as ammonium phosphate was about equal to that produced by a 
like amount of nitrogen as ammonium sulfate except in the clay soil where 
ammonium phosphate was less toxic than ammonium sulfate. In this experi- 
ment no acid phosphate equal to the amount of phosphoric acid in ammonium 
phosphate was applied to the ammonium sulfate tumblers. 


Effect of ammonium phosphate and ammonium sulfate on the germination of 
corn in quartz sand and in a sandy soil 


This experiment, carried out in the same manner as those previously dis- 
cusssed, was planned to determine. the maximum amount of fertilizers that 
may be applied to a pure sand and a very sandy soil without injury. The 
quartz sand, of course, need not be considered from the standpoint of field 
conditions, but the sandy soil was no lighter or poorer than might be used to 
grow crops in extreme cases. Such a soil would certainly be an exception, 
though, and represents the extreme that would ever be put under cultivation. 

The amounts of ammonium sulfate and acid phosphate used were always 
equivalent to the amount of nitrogen and phosphoric acid present in the 
corresponding ammonium phosphate tumblers. Ten kernels of corn were 
planted in each tumbler, the germination counts being made on the tenth 
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day and the crop harvested at the end of 25 days. These figures are given 
in table 24. 

It will be noticed that in the case of quartz sand there is an appreciable 
decrease in germination with 200 mgm. of ammonium phosphate or the cor- 
responding amount of ammonium sulfate, and on the basis of the amount of 
nitrogen present there is little difference in the toxicity of the two fertilizers. 
In growth up until the end of the 25-day period it is clearly brought out that 
even the smallest application used, 50 mgm. per tumbler, produced some in- 
jury while 100 mgm. decreased the yield about one-half. 

Considering the results with the sandy soil it will be noticed that the de- 
crease in germination began at 750 mgm. of ammonium phosphate per tumbler 


TABLE 24 


Effect of fertilizers on the germination of corn in quarts sand and in sandy soil 


7 Z Z Z Z A RE 
| @] S|) se] s8 | 38 aaa 
8/48/1588) 38138 29 
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B2/o2/74| 22 | Sa] 06 F 
—) w | — N ro) ro) 
Quartz sand 
Check { Germination (per cent)|80.8 | | | | 
** | Weight (gram) tA | | | | 
| _ cat 
Ammonium Germination 83.3/83.3] 58.3/29. 1/29. 1}4.2| 4.2) 0.00.0. | 
phosphate...... Weight , 0.8} 0.4) 0.1 ie 0.00.0) 0.0, 0.00.0 | 
Ammonium Germination 79.2'75.0| 66.6 16.6l16.6l4.2 0.0) 0.0.0.0) | 
SUUALC Sess -:5.0s Weight 0.8) OFS) 0:1 0.0) 0.0/0.0 0.0) 0 010.0) | 
Sandy soil 
eee | | aa (a ie Ga a . 
oe J Germination) 83.3 | ie ie 
‘Se | Weight "9 | | | | | | 
| = oe 
Ammonium ( Germination] —_[79. 283.3) 83.3) 83.3] |54.2/33.3)4.2/0.00.0 
phosphate ..... | Weisht 2.0 255i) 23 | 0.1 0.00.00.00.0 
| | | | | 
Ammonium Germination 75.0183.3 83.3 79.2} 45.8 16.6/4.2/4 20.0 
Suitate 5 ssa Weight 2.0) 2.6) lost 0.5) 0.1) 0.00.0,0.00.0 
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or the corresponding amount of ammonium sulfate. Again the two fertilizers 
showed similar effects on germination. The decrease in growth began at 
about 200 or 300 mgm. of ammonium phosphate per tumbler. 


Comparison of methods of application 


This experiment was carried out with the purpose of determining if the 
injury to germination is lessened by placing the fertilizer at a short distance 
from the germinating seeds. A Norfolk sand was used. The data are given 
in table 25, the germination counts being made at the end of 13 days and the 
plants harvested on the twenty-first day. 

The position of the fertilizer in relation to the seed again had very little 
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effect except possibly in the tumblers where the seeds were planted one inch 
deep and the fertilizer placed an inch below the seeds. More fertilizer was 
required in these tumblers to produce a given effect than in any of the other 
tumblers. 


Effect of various nitrogenous salts on the germination of corn 


The previous experiments had fixed rather definitely the relation of type 
of soil to fertilizer injury and also the relative injury that may be expected 
from the use of ammonium phosphate in comparison with ammonium sulfate 
or acid phosphate. However, since the data reported in this paper are 
primarily a study of an impure ammonium phosphate it is of interest to make 
a further comparison to determine if this commercial phosphate salt will 
behave in a similar manner to the pure salt, or whether the impurities present 


TABLE 25 


Comparison of method of application 


celica nce FERTILIZER 1 INCH | FERTILIZER 2 incHES | FERTILIZER UNIFORM- 
“oe eae | ee SRmArE SED | oben sneo 2 swcas | "penn; nao tc | 2 PETRUS 
er Average A Average | av Average m Average AS 

germina- | “Yeght | Setmina-| “weight | Sermina- | ‘weight | sermina- | “Voight 

grams per cent grams per cent grams per cent grams per cent grams 
Check 97.5 5.0 

0.10 100.0 a0 100.0 5.6 100.0 6.1 100.0 5.9 
0.20 100.0 3.3 100.0 4.6 100.0 6.3 100.0 a4 
0.40 100.0 2.8 100.0 39 100.0 4.0 85.0 1.6 
0.80 90.0 0.9 95.0 0.8 95.0 Sue 90.0 0.8 
1.60 25.0 0.1 100.0 1.7 0.0 0.0 
2.40 0.0 0.0 95.0 0.6 0.0 0.0 
3.20 0.0 0.0 


increase or decrease the injury to germination and plant growth. Further- 
more, what relation does ammonium phosphate bear to other nitrogenous 
salts, especially ammonium salts. The soil chosen for testing these points 
was the Sassafras loam used in previous experiments. Ten kernels of corn 
were planted per tumbler and the fertilizers placed in direct contact with the 
seeds. With the exception of ammonium nitrate the applications were based 
on the amount of nitrogen present. Only the ammonium nitrogen was con- 
sidered in the case of this salt. The germination counts were made after 24 
days and the crop harvested at the same time. The results are given in table 26. 

From the standpoint of the crude ammonium phosphate the most interest- 
ing point brought out in the table is that with large applications of the fertilizer 
the toxic effects are usually no greater than with the pure mono-ammonium 
phosphate, proving that the effects produced are not to any great extent, if 
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at all, due to the method of making the fertilizer or to any impurities present. 
The di- and tri-ammonium phosphates were somewhat less toxic on the basis 
of the amount of nitrogen present than was the mono form. In agreement 
with previous work the injury produced by a given amount of the ammonium 
phosphate fertilizer was practically the same as with ammonium sulfate. 
Ammonium chloride was the most toxic of all the salts used, undoubtedly 
because of the chloride radical. Ammonium nitrate, on the basis of the 
amount of ammonia present, showed about the same degree of toxicity as 
the ammonium phosphate fertilizer, ammonium sulfate or mono-ammonium 
phosphate, regardless of the fact that twice as much nitrogen was present, 


TABLE 26 
Effect of nitrogenous salts on the germination of corn 
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half as ammonia and half as nitrate nitrogen. Sodium nitrate showed a 
slightly higher degree of toxicity than did the commercial ammonium phosphate 
fertilizer, but was not as toxic as ammonium chloride. 

The results of this experiment indicate that the concentration of the salt, 
whatever that salt may be, is the primary cause of the injury to germination 
and young plants. Secondary to this is the acid radical and the base to which 
it is combined. In the case of ammonium salts, as is brought out in table 26, 
the presence of the chloride radical resulted in a much greater injury than the 
nitrate. 


74 F.. E. ALLISON 


Germination of corn in the field in the presence of ammonium phosphate 


After completing the germination tests in tumblers reported in the previous 
pages it seemed desirable to carry on some field work to determine just how 
much ammonium phosphate fertilizer may be applied to corn in the row with- 
out injury. Consequently on May 30, 1917 an experiment was begun on a 
Sassafras loam, which is the same soil used frequently in the germination 
experiments in the laboratory. Rows were laid off 1 foot apart and 50 kernels 
of corn planted per row, about 2 to 3inches apart. The ammonium phosphate 
was applied in the row in a strip about 1 inch wide in direct contact with the 
seed, exactly as if applied with a seed drill having a fertilizer attachment. 
The rates of application were based on rows 32 inches apart. In other words, 
each linear foot received the same amount of ammonium phosphate as it 


TABLE 27 
Germination of corn in field fertilized with ammonium phos phate 


GERMINATION (NUMBER OF KERNELS SPROUTED) 
POUNDS OF 
AMMONIUM PHOS- 


PHATE PER ACRE | 12 days 22 days 
IN ROW WITH | 
SEED | | rl ee ee vse eas eas ia 
| 1 | 2 | 3 | Average 1 | 2 3 | Average 
| | meas a | | 
0 | 48 50 | 49 | 49 48 | 49 49 | 49 
25 | 49 49 | 49 | 49 48 | 49 49 | 49 
500 | «644 («| 48 | 49 | 47 | 48 48 49 | 47 
100 47 | 50 | 48 | 48 | 46 | 50 48 | 48 
150 37 «| 644 | 46 | 4 41 | 46 46 | 44 
200 =| 34 | 41 | 39 | 38 7 | 41 | 40 
300 | 23 | 29 | 20 24 2% | 35 25 | 29 
400 7 | 2 19 19 21 | 25 24 | 23 
500 7 i 8 9 11 13 7 | 14 


would in the field in rows 32 inches apart at the given rates per acre. The 
germination was counted on June 11 and 21 and is given in table 27. 

The corn on the rows with 50 and 100 pounds appeared to be best and was 
equal in size, color and apparent vigor. The rows with 150 pounds showed 
the effects of too much fertilizer. The decrease in the size of the plants with 
increasing applications of fertilizer was about proportional to the numbers 
given for germination. With 150 pounds and over there were a few plants, 
about 5 to 10 per cent, which looked yellow and stunted, and will probably 
die. The balance were dark green and not injured to any extent, if at all. 
The corn on the rows with 50 and 100 pounds was about 9 inches high and of 
very good color at the time of making the second germination counts. In this 
test 100 pounds is a perfectly safe application per acre. This was a very 
wet season, however, which should be more favorable than a dry season. It 
should also be borne in mind that the soil used is fairly heavy. Further tests 
are necessary before general conclusions can be drawn. 
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General discussion of germination experiments 


The results of the germination experiments show that ammonium phos- 
phate when applied to the soil has practically the same effect upon germina- 
tion as a mixture of acid phosphate and ammonium sulfate in the same pro- 
portion as the plant-food constituents present in the ammonium phosphate 
fertilizer. In fact, such a large amount of acid phosphate was required to 
injure germination that we may say that the ammonium phosphate produces 
results quite similar to ammonium sulfate used alone. It has also been brought 
out that any injury produced by the commercial ammonium phosphate is 
due to the concentration of the soluble salts and not to any impurities that 
are present, for the injury produced by chemically pure mono-ammonium 
phosphate is just as great. Other salts, such as ammonium chloride and 
sodium nitrate, may produce even greater injury than ammonium phosphate. 
Evidently, then, the acid radical exerts its influence, but with most salts it 
is the concentration of the soluble material about the germinating seeds that 
plays the primary réle. As was brought out earlier it is very significant that 
ammonium nitrate, on the basis of the amount of ammonia present, showed no 
greater toxicity than ammonium phosphate or ammonium sulfate, yet there 
was twice as much nitrogen present, half as ammonia and the remainder 
as nitrate nitrogen. 

Regarding the migration of soluble fertilizer salts in the soil, these experi- 
ments have shown that under the conditions prevailing in the tumblers the 
salts are carried from one point to another with sufficient rapidity to affect 
the germinating seed regardless of the method of application, whether at some 
particular point in the soil or uniformly distributed throughout the 200-gm. 
sample. However, these results must not be applied too closely to field 
conditions, where rains usually come at intermittent periods rather than as a 
small amount every day, as was the case in the tumblers. 

Investigators disagree as to the rapidity with which soluble salts diffuse 
through the soil. Harris (9) shows that salts are transferred through the soil 
readily by moving water. Malpeaux and Lefort (23) showed that the diffu- 
sion of nitrates was comparatively slow and was practically the same 
laterally as vertically. Sprinkling accelerated downward as well as lateral 
diffusion but there was rather a rapid return to the upper layers of soil by 
capillarity. The diffusion was more rapid in the sandy soil but less uniform. 
He concludes that under ordinary conditions of rainfall there is a compara- 
tively rapid diffusion of the nitrates in the surface soil. Miintz and Gaude- 
schon (25) conclude that the most soluble substances diffuse in the soil only 
with extreme slowness. The writer is of the opinion that under ordinary field 
conditions soluble salts are washed down to the subsoil and again brought 
to the surface by capillarity very readily, but that the lateral diffusion is 
almost negligible. 

How much fertilizer may be applied safely under field conditions without 
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injury if in direct contact with the seed? This question has not been com- 
pletely answered by the experiments reported but some progress has been 
made. In the first place the crop grown must be considered. Basing our 
statements on table 20 we may say that corn, buckwheat, oats, wheat and 
barley are resistant crops, while vetch, rape and cowpeas may be considered 
as relatively easily injured. Since most of this work deals with the germina- 
tion of corn we should bear in mind that this crop is relatively resistant and 
a greater injury would be expected with some other crops, especially those 
with high oil content, such as cowpeas, soybeans and cotton. 

Kearney and Harter (12), using alkali salts and eight species of plants, 
found that in water culture maize was on the whole the most resistant to pure 
solutions and cotton the least. Harris (8) working with alkali salts, found that 
the relative resistance of various crops in the seedling stage is usually in the 
following order, barley being the most resistant, barley, oats, wheat, alfalfa, 
sugar beets, corn and Canada field peas. Only about half as much alkali 
was required to prohibit the growth of crops in sand asin loam. He further 
states that the period of germination of seeds is considerably lengthened by 
the presence of soluble salts in the soil. The same observation was made by 
the writer, using the different fertilizers. 

Another point which must be considered is the type of soil. As was brought 
out in table 23 the amount of fertilizer required to produce a given injury in a 
clay or silt loam soil is probably ten times as much as is required in a sandy 
soil, at least under laboratory conditions. The injury would probably not 
be quite as great under field conditions but nevertheless it is a well known fact 
that there is a big difference between soils. This may be partially attributed 
to the variations in the water-holding capacity, but also to the fact that the 
heavier soils have a greater absorbing capacity. On the other hand, it should 
be borne in mind that the fertilizer will distribute itself more rapidly in a 
lighter soil, and when applied in the row this factor would enter in to decrease 
the injury that we would otherwise expect to occur. 

Judging from the one field experiment reported it would seem that it is 
reasonably safe to apply as much as 100 pounds of ammonium phosphate per 
acre drilled in the corn row on the average soil, but it must be borne in mind 
that this experiment was conducted during a wet month. It is to be regretted 
that lack of time prevented the carrying out of a variety of field experiments. 
The tumbler experiments, however, have been sufficient practically to prove 
that a given amount of nitrogen as sodium nitrate or ammonium sulfate will 
produce just as great an injury as the same amount of nitrogen as ammonium 
phosphate, but this does not settle the question because there is little experi- 
mental evidence to-show how much of these salts may be applied with safety 
in drills. It is usually customary to consider that such a fertilizer as ammoni- 
ium sulfate in moderate amounts may be drilled in the row with safety, but in 
the light of the results reported here it seems doubtful. It is a well known 
fact that the farmer has a prejudice in favor of organic fertilizers even though 
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the nitrogen is not as available as that in ammonium sulfate. Perhaps this 
prejudice is after all a just one and it would seem so since it has grown up as a 
result of many years of experience. Even in so-called moderate amounts 
the ammoniate fertilizers, when applied in the drill, may produce marked 
injury, especially in dry seasons on sandy soils. The remedy seems to be 
either to apply smaller amounts of the soluble fertilizer in the drill, orto spread 
it over a wider strip in the row, or to make applications alongside the row or 
broadcast. 
CONCLUSIONS 


From the results of the.work which has been reported in the preceding pages 
it may be briefly said that the ammonium phosphate fertilizer is in general 
of the same value as an equivalent amount of nitrogen as ammonium sulfate 
and phosphorus as acid phosphate, and may be used as a substitute for these 
other forms of plant-food. While in isolated cases this statement did not 
hold true, they were so few and under such abnormal soil conditions that they 
scarcely need be considered. In fact, the number of cases where ammonium 
phosphate was slightly superior to ammonium sulfate was larger than where 
the reverse was true. Ammonium phosphate is readily nitrified and utilized 
by both microorganisms and plants. 

From the standpoint of injurious effects when applied in high concentrations, 
ammonium phosphate is again similar to ammonium sulfate and slightly 
less toxic than sodium nitrate. In its application in drills caution should be 
used in regard to the amount applied, but this statement applies to other 
soluble salts as well. 

SUMMARY 


The chief points which have been brought out in this thesis may be summar- 
ized as follows: 

1. The commercial ammonium phosphate fertilizer used contains approxi- 
mately 13.5 per cent of ammonia and 43 per cent of phosphoric acid, 96.5 
per cent of which is either water- or citrate-soluble. 

2. Ammonium sulfate and ammonium phosphate nitrify at approximately 
the same rate, while dried blood, cottonseed meal and tankage are consider- 
ably less available, usually in the order named, tankage being the least 
available. 

3. A gradual increase in nitrate accumulation was found in tumblers up 
until the sixth week in a rich garden soil and until 8 to 10 weeks in a meadow 
soil. After the maximum accumulation in the garden soil the decline was 
quite rapid, showing the importance that may be attached to nitrate assimila- 
tion by microérganisms. 

4. Calcium carbonate proved to be especially favorable for nitrification 
while calcium oxide sometimes caused an actual depression inthe nitrification 
of ammonium sulfate and ammonium phosphate. 

5. Ammonium phosphate increased the rate of ammonification of: cotton- 
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seed meal but decreased the ammonia production from dried blood. Green 
alfalfa was not appreciably affected by the presence of the fertilizer. 

6. Soil fungi were found to utilize nitrogenous salts in solution in the fol- 
lowing order, sodium nitrate showing the poorest results, ammonium phosphate 
ammonium carbonate, ammonium sulfate, urea, ammonium nitrate and sod- 
ium nitrate. 

7. As an average of all conditions the recoveries of nitrogen applied to 
Norfolk sand, yielding six crops—one of barley, four of buckwheat and one of 
corn, were 65.88, 61.10, 43.74 and 41.19, respectively, forammonium phosphate, 
ammonium sulfate, dried blood and cottonseed meal. On a Sassafras loam 
the average recoveries in the same order were, 48.46, 50.42, 42.51 and 36.49. 
Liming usually increased the recovery of nitrogen. The crop yields were 
about in the same ratio as the nitrogen recoveries, except that under very 
acid conditions frequently ammonium sulfate showed a higher recovery of 
nitrogen than ammonium phosphate but a much smaller crop. The com- 
paratively low recovery of the nitrogen added leads the writer to believe that 
a considerable amount of nitrogen escapes from soil as free nitrogen gas or 
ammonia or is given off from the plant itself. 

8. The average of the results for two soils, limed and unlimed, with two 
rates of application of fertilizers, showed the following increases in lime re- 
quirement over checks, due to the fertilizers applied: ammonium sulfate, 
794 pounds of CaO; ammonium phosphate, 525 pounds; dried blood, 263 
pounds; and cottonseed meal, 113 pounds. 

9. Pot experiments in sand showed the nitrogen in the commercial am- 
monium phosphate, the water-soluble extract of ammonium phosphate and 
sodium nitrate to be of practically the same availability. Water-insoluble 
ammonium phosphate showed only a slightly lower yield than the other forms 
of nitrogen. 

10. Experiments in soils in the greenhouse, as an average, showed little 
difference in the availability of the phosphorus between ammonium phos- 
phate, acid phosphate and basic slag, while raw rock phosphate gave much 
smaller increases. On very acid soils acid phosphate was sometimes superior 
to ammonium phosphate as a source of phosphorus, doubtless because the 
former does not increase the acidity to any great extent, if at all, while am- 
monium phosphate does increase the acidity somewhat. In quartz sand the 
relative increases over the check were for ammonium phosphate 9.95 gm., 
acid phosphate 9.50 gm. and raw rock phosphate 3.10 gm. 

11. In germination experiments ammonium phosphate, on the basis of the 
amount of nitrogen present, showed about the same toxicity to germination 
and early growth as ammonium sulfate and less than sodium nitrate or am- 
monium chloride when applied to soils in high concentrations. 

12. Very sandy soils require only about one-tenth as much fertilizer in 
tumblers to produce a given injury as heavy clay or silt soils. 

13. The commercial ammonium phosphate was no more toxic than the pure 
mono-ammcnium phosphate. 
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14. Liming decreased the growth of the young corn plants at the lower 
rates of application of the fertilizers in the germination experiments, but 
favored the plants at the higher rates. Using various combinations of fertil- 
izers did not lessen the injury of individual salts to any extent, if at all. 

15. Corn, buckwheat, barley, wheat and oats were resistant to large appli- 
cations of fertilizers, while vetch, rape and cowpeas were relatively susceptible. 

16. Under laboratory conditions, using tumblers holding 200 gm. of soil, 
the injury produced by a given amount of the fertilizers was practically the 
same whether applied in direct contact with the seed or uniformly mixed 


with the soil. 
17. Under field conditions applications of 100 pounds of ammonium phos- 
phate per acre in the row did not injure the germination of corn, while the 


150-pound applications showed a slight injury. 
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The superiority of sulfate of ammonia to nitrate of soda, nitrate of lime, 
and other nitrogenous fertilizers for the production of barley, in certain soil 
types in California, which we have demonstrated (1) led us to inquire into the 
more direct nature of its cause. While we had shown the high coefficient 
of nitrifiability which characterizes sulfate of ammonia in those soils to be 
the cause of its superiority over other nitrifiable materials, it did not appear 
entirely clear why nitrate of soda and particularly nitrate of calcium should 
not be equally good with moisture conditions being maintained at the optimum. 
After studying the situation, it occurred to us that the sulfur of the ammonium 
sulfate might be the cause of its superiority over the nitrate fertilizers. This 
seemed particularly reasonable since the soils under study are markedly 
deficient in organic matter and hence do not support a vigorous sulfofying 
flora. We, therefore, inaugurated an experiment to determine the réle of 
sulfur, in barley growth on one type of the soils in question, when used in 
conjunction with nitrogenous fertilizers. It was argued that if sulfur in one 
or more forms, when combined with nitrates, induced similar yields to those 
obtained with sulfate of ammonia, the sulfur must be the cause of the superi- 
ority of the ammonium salt over the nitrates in the cases in question. 


DESCRIPTION OF THE EXPERIMENT 


The soil employed was the Oakley blow sand, which we have already de- 
scribed in detail elsewhere (2). It was placed in glazed earthenware jars such 
as those commonly used in greenhouse work. Every test was made in tripli- 
cate jars, except in some cases in which the lack of sufficient soil rendered it 
necessary to employ only duplicate jars. Two parallel series were run. In 
the first, the various nitrogenous fertilizers were used as in the experiments 
above cited. In the second, the same nitrogenous fertilizers were used in 
the same way, but sulfur in various forms was added to each. The amount 
of nitrogen employed was equivalent in all cases to that added on the basis 
of a field application of dried blood at the rate of 1000 pounds per acre. Simi- 
larly, sulfur was used in the same quantity for all cultures to which it was 
applied, regardless of the form used and was equivalent to the amount of 
sulfur contained in the sulfate of ammonia application alone. Nitrogen was 
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employed in the forms of sulfate of ammonia, nitrate of soda, nitrate of lime, 
and dried blood. Sulfur was used in the forms of flowers of sulfur, sulfuric 
acid, and sodium sulfate. The applications of the various materials were 
made in accordance with the usual procedure which is based on the properties 
of every one of the substances. The moisture content of the soil was main- 
tained uniformly in all the jars and at as near the optimum point as possible. 
Twelve barley seeds of the Beldi variety, from selected heads, were planted 
in every jar as in all other experiments, and the plants were thinned to six 
after they had attained a height of 3to 4 inches. At the end of the growing 
season, determinations were made of the number of heads of grain per jar, 
the number of tillers, the total height of tillers, and the dry weights of straw, 
of grain, and of roots. Control jars were used, for growing plants, in which 
no fertilizer and no sulfur were employed and others in which only sulfur, 
but no nitrogen was applied. The data gathered are presented in the accom- 
panying tables. It is at once apparent even from a brief study of the data 
given, that, in the first place, sulfate of ammonia is far superior to the other 
nitrogenous fertilizers for barley growth under the conditions described above. 
Secondly, it is clear that sulfur in all forms, when supplementing the nitrate 
or blood, induces marked increases in barley growth over and above that 
induced by the nitrogen alone. Thirdly, the sulfur without the nitrogen is 
practically without effect on barley production on the Oakley blow sand. 

Considering the figures more in detail, it is obvious in the first table that 
marked effects, for the better, result from the application of nitrogen as regards 
the height of the stalks produced. The number of stalks or of heads produced, 
however, is only slightly affected, if at all, by all forms of nitrogen except 
sulfate of ammonia, which stimulates their production very markedly. When 
however, sulfur is added to the nitrogen, very striking increases in the number 
of heads and stalks occur in the case of all the jars, without any marked increase 
in the total height of the stalks. Moreover, the increases noted are, in most 
cases, sufficient to render the total growth about equivalent in those jars to 
that obtained in the sulfate of ammonia jars. This is true when any form of 
sulfur is added to nitrate of soda, but flowers of sulfur are not as good in that 
direction as sulfuric acid or sodium sulfate. On the other hand, it is true for 
nitrate of lime only in the cases of flowers of sulfur and sodium sulfate, but 
not in that of sulfuric acid, which actually depresses growth below that ob- 
tained when only nitrate of lime is applied. In the case of dried blood, sodium 
sulfate was not used and of the other two forms of sulfur, one—sulfuric acid— 
stimulated the plants in the directions indicated markedly, while the other— 
flowers of sulfur—was almost without effect. 

Coming now to the more accurately measurable criteria for judging of the 
effects of nitrogen and sulfur on the barley plants, viz., the weights of straw, 
grain, and roots, the following observations are easilymade. The application 
of sulfate of ammonia to the Oakley sand resulted in the production of about 
fourteen times as much total dry matter as that produced in the untreated 
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control jars. The jars treated with nitrate of soda, nitrate of lime, or dried 

blood, produced only a little more than half as much dry matter as those 

treated with sulfate of ammonia, the blood being slightly superior to the other 

two. When any form of sulfur is added to the Oakley sand without nitrogen, 
TABLE 1 


Number and height of shoots and number of heads 


Se eee 
inches inches 
1 (NH4)2S04 6 14 £5 475.5} 31.7 
2 (NH4)2SOx 6 12 12 384.5 | 32.0 
3 (NH4)2SO4 | 6 12 12 404.0 Sat 
4 NaNO; 6 6 6 218.5 36.4 
i) NaNO; 6 8 8 253.0 31.6 
6 NaNO; 6 6 6 245.5 35.9 
7 Ca(NOs)>2 6 6 6 207 .0 34,5 
8 Ca(NOs), 6 7 8 246.0 30.8 
9 
10 Blood 6 8 9 254.5 | 28.3 
11 Blood 6 7 8 247.0} 30.9 
12 NaeSO, 6 6 6 106.0; 17.7 
13 Na2SO, 6 6 6 9250} 15:3 
14 H.SO, 6 6 6 104.0} 17.3 
15 H.SO, 6 6 6 100.0 | 16.6 
16 Sulfur 6 6 6 99.0; 16.5 
17 Sulfur 6 6 6 124.0 20.7 
18 NaNO; NapSO, 6 12 13 414.0; 31.8 
19 NaNO; NaeSOx 6 10 10 31052) 30-2 
20 NaNO; H.SO, 6 12 1 403.0 33.6 
21 NaNO; H2SO, 6 10 13 434.5 33.4 
22 NaNO; Sulfur 6 10 11 315.0 | 28.6 
23 NaNO; Sulfur 6 9 9 305.0} 33.9 
24 Ca(NOs)o NasSO, 6 14 i 412.0; 27.5 
25 Ca( NOs). NasSO, 6) 10 10 323.0 52:3 
26 Ca(NOs3)2 H2SO, 0 6 6 182.0 30:3 
27 Ca(NOs)2 H,SO, 6 6 6 203.0 | 37.1 
28 Ca(NOs)2 Sulfur 6 12 12 388.5 32.3 
29 Ca(NOs)> Sulfur 
30 Blood H.SO, (6) 11 11 327.0 29.7 
31 Blood H.SO,; 6 12 12 382.0 31.8 
32 Blood Sulfur 6 9 9 276.0. 30.7 
33 . Blood Sulfur 6 7 9 286.0; 31.8 
34 Control 6 6 6 95.0 15.9 


35 Control 6 6 6 110.0 18.3 


it is without effect as regards the dry matter produced, just as it was described 
above to be, in so far as the numbers of heads and stalks are concerned. When, 
however, sulfur in any form is added, as described above, to the nitrates or to 
dried blood, it induces marked increases in the production of dry matter over 
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that produced by the nitrogen alone and, in most cases, the quantity of such 

increase is great enough to bring the total yield up to that of the sulfate of 

ammonia jars or nearly so. As was true in the case of the number of heads and 

stalks produced, flowers of sulfur appears to be less efficient than the other 
TABLE 2 


Yields of straw, grain and roots obtained in experiment 


= Se — SS 


| AVER- | a AVER- | | AVER- AVER- 
: . | WEIGHT | AGE | WEIGHT AGE WEIGHT AGE TOTAL AGE 
NUM-| NITROGENOUS | FORM OF | op |weIGHT| OF |WEIGHT| OF |WEIGHT| DRY | TOTAL 
BER | FERTILIZER | SULFUR | straw | oF | GRAIN or | RooTS oF |WEIGHT| DRY 
| | | STRAW GRAIN | ROOTS WEIGHT 
grams | grams | grams grams | grams grams grams grams 
1| (NH4).SO, | 23.94] 23.38] 16.06] 15.69] 5.27| 6.84] 45.27] 45.90 
2| (NH,)2SO, | 23.17 | 14.83 7.20 45.20 
3 | (NHQ).SO, | 23.02| 16.18 8.04 47.24 
1| NaNO, | 11.65] 11.99} 8.15] 8.95} 5.60} 4.91] 25.40] 25.85 
5 | NaNO; | 14.05 | 10.95 4.95 29.95 
6| NaNO, | | 10.26 | 7.74 4.20 22.20 
7| Ca(NO;)2 | 11.18) 13 % 6.82} 8.91} 5.40} 6.60] 23.40] 28.60 
8 | Ca(NO;)2 | 15.00 | 11.00 | 7.80 33.80 
9 Lost | | | 
10 | Blood | 14.46] 13.97] 11.03] 11.28} 5.06] 5.08} 30.55] 30.33 
11 | Blood | | 13.47 | 11.53 5.10 30.10 
12 | | NaSO, | 1-24 1.35} 1.461 1.40] 0.40! 0.40] 3.10] 3.15 
13 | NaSO, | 1.46 | 1.34 0.40} 0.40] 3.20 
14 | H.SO, | 0.94} 1.52) 1.46] 1.18] 0.22! 0.37] 2.62] 3.07 
15 | ‘| HeSO, 2.10 | 0.90 0.52 3.52 
16 | Sulfur | 1.54] 1.97} 1.46] 2.53] 0.60! 1.25] 3.60] 5.75 
17 | Sulfur | 2 40) | 3 we 1.90 7.90 
18 | NaNO NaSO, | 20.94] 20.66] 15.06] 14.84] 8.26) 8.73] 44.26] 44.23 
19 | NaNO, Na:SO, | 20.38] | 14.02) 9. 20| 44.20 
20 | NaNO H.SO, | 22.00} 23.90} 16.00] 16.40] 7.70] 6.60] 45.70) 46.90 
21| NaNO H,SO, | 25.80) | 16.79) 5.50 48 .09 
22 NaNO Sulfur | 18 17} 17.32] 12 43) 12 30} 5.00} 6.30} 35.60] 35.92 
23 NaNO; Sulfur | 16.47) | 12.17] 7.60 36.24 
24 | Ca(NOs): Na,SO, | 23 35| 26 61] 16.65] 15.39} 9.50] 7.75} 49.50) 44.75 
25.| Ca(NOs)2 Na:SO, | 29.87| | 14.13] | 6.00 40.00 
20 | Ca(NOs)s H.SO, 7.50! 9.56) 5.60] 6.69} 2.15] 3.38] 15.25] 19.63 
27, | Ca(NO)): H,SO, | 11.62 | 7.78 | 4.60) 24.00 
28 | Ca(NOs). Sulfur | 18.80] 18.80} 14.20] 14.20] 1.08] 10.80] 43.80} 43.80 
209} CaNO Sulfur Contaminated by rain 
30 | Blood H:SO, | 17.55 18.08) 13.64] 14.22) 11.00} 9.40] 42.19] 41.70 
31 | Blood H,SO, | 18.60) | 14.80) 7.80) 41.20 
32 | Blood Sulfur 17 62} 17. 26| 13.08) 12.09 7.80) 9.40) 38.50} 38.75 
33 | Blood Sulfur | 16.90) | 11.10) 11.00) 39.00 
34} Control 1.54) 1.64) 1.26) 1.26 0.40} 0.45) 3.20) 3.75 
35 | Control | 1.74) | 1. 26) | 0.50 3.50 


forms in increasing dry-matter production over that of the nitrogen-treated 
pots alone, but is none the less markedly stimulating in that respect. It seems, 
moreover, to be slightly more efficient when added to dried blood than when 
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added to nitrate of soda but the difference is not great. On the other hand, 
sulfuric acid is more efficient when supplementing nitrate of soda than when 
supplementing dried blood. As regards total dry-matter production, sulfuric 
acid acts similarly when added to calcium nitrate as it does with regard to the 
production of heads and stalks. 

Sodium sulfate is equally stimulating when used with nitrate of soda or with 
nitrate of lime, and sulfuric acid is likewise so for nitrate of soda and for dried 
blood. Flowers of sulfur show similarity to the other forms of sulfur in 
maximum stimulation with regard to one case only, viz., when it is added to 
nitrate of lime. Unfortunately, one of the duplicate jars in this case was lost 
and the figure obtained is, therefore, not as yeliable as it would otherwise 
have been. 

In general, our data seem to show beyond question that, barring certain 
pronounced side-effects, such as that evidently obtaining in the nitrate of 
lime-sulfuric acid cultures, equally good results in barley production can be 
obtained on soils of the type in question with the nitrates and with blood as 
with sulfate of ammonia, if sulfur is added in proper form and quantity. 
Just why sulfuric acid, when added to nitrate of lime, should produce an effect 
so strikingly different from that produced by it when added to nitrate of soda 
seems at first sight not very clear. A little reflection brings forward the 
thought, however, that the greater solubility of the sodium sulfate than that 
of the calcium sulfate, the salts resulting in the two cases, may account for 
the supply of sufficient available sulfur in one case and not in the other; and 
hence the difference in effects on the barley plant. This explanation is not 
entirely satisfying, however, owing to the very marked depression in the growth 
of the barley plants induced by sulfuric acid when it is added to calcium nitrate. 
Another factor entering into the problem may be the loss of nitric acid which 
may be greater in one case than the other when the acid is added to the nitrate. 

The fact above noted of the non-effectiveness of all the forms of sulfur when 
applied to the soil without nitrogen, requires perhaps another word of comment. 
If, as seems true from our data, sulfur is needed by the barley plant on the 
soil in question, why should not sulfur exert at least a part of its beneficial 
effect even when nitrogen is not added with it? The answer may be in the 
theoretical consideration, which we propose, to the effect that nitrogen, being 
needed in this case far more than sulfur, the latter is powerless to influence 
the plant in the building of further protein substances, to the building of 
which that nitrogen is absolutely essential. 

In view of the striking nature of the results above described, the method 
of improving the Oakley blow sand and similar soils covering large areas in 
this state is clearly indicated. Nitrogen in some readily available form must 
be used as fertilizer until such time as it shall be possible to increase the 
nitrogen and organic matter content of the soil by means like green manuring, 
and the efficient use of nitrogen-fixing bacteria. The choice of the most 
profitable form of nitrogen can be determined by reference to the tables 
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submitted herewith, taken together with the prevailing prices of the materials 
in question. For the best results with annual crops, to which our remarks 
particularly apply, sulfur in some form, probably as flowers of sulfur, will 
have to be employed to supplement the nitrogenous fertilizer unless sulfate 
of ammonia is used. 

No mention is made here of the work of investigators in this country and in 
Europe which have testified to the value of sulfur as a soil amendment because 
they have no direct bearing on the subject of this paper. 


SUMMARY 


1. The superiority of sulfate of ammonia over other readily available 
nitrogenous fertilizers for barley on the Oakley blow sand as demonstrated 
in earlier experiments is confirmed in a new series of tests. 

2. The cause of such superiority of sulfate of ammonia was sought for and 
believed to be found in its sulfur content. 

3. A statement of the mode of procedure employed in the experiment, and 
also details of the results obtained and their discussion are submitted above. 
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